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ABSTRACT
We investigate the relationship between stellar mass, metallicity and gas content for a magnitude- and volume-limited sample of 260
nearby late-type galaxies in different environments, from isolated galaxies to Virgo cluster members. We derive oxygen abundance
estimates using new integrated, drift-scan optical spectroscopy and the base metallicity calibrations of Kewley & Ellison (2008).
Combining these measurements with ultraviolet to near-infrared photometry and Hi 21 cm line observations, we examine the relations
between stellar mass, metallicity, gas mass fraction and star formation rate. We find that, at fixed stellar mass, galaxies with lower gas
fractions typically also possess higher oxygen abundances. We also observe a relationship between gas fraction and metal content,
whereby gas-poor galaxies are typically more metal-rich, and demonstrate that the removal of gas from the outskirts of spirals
increases the observed average metallicity by ∼0.1 dex. Although some cluster galaxies are gas-deficient objects, statistically the
stellar-mass metallicity relation is nearly invariant to the environment, in agreement with recent studies. These results indicate that
internal evolutionary processes, rather than environmental effects, play a key role in shaping the stellar mass-metallicity relation. In
addition, we present metallicity estimates based on observations of 478 nearby galaxies.
Key words. cosmology: observations – galaxies: spiral – galaxies: evolution.
1. Introduction
The chemical composition of galaxies provides a crucial insight
into the processes governing galaxy evolution. There are still
many open questions about the processes that drive metal enrich-
ment and the importance of the role of the environment in shap-
ing the evolution of galaxies. As galaxies evolve, star formation
converts gas into stars, which in turn produce the heavy elements
via nucleosynthesis. These metals are then expelled into the
surrounding medium during the later stages of stellar evolution,
thus enriching gas that may become fuel for future star formation
episodes. Therefore the abundance of heavier elements present
in a galaxy, the metallicity, provides an important indicator of
the evolutionary history of a galaxy.
Since the discovery of a relationship between luminosity and
metallicity by Lequeux et al. (1979), numerous studies have con-
firmed the existence of a luminosity-metallicity or stellar mass-
metallicity (hereafter M-Z) relation (see e.g. Rubin et al. 1984;
Skillman et al. 1989; Vila-Costas & Edmunds 1992; Garnett
2002). Stellar mass and metallicity both trace the integrated star
formation history of a galaxy. The gas-phase metallicity also
probes feedback processes affecting the chemical enrichment
of the interstellar medium. Therefore, since the evolutionary
stage of a galaxy can be inferred from knowledge of these two
quantities, the M-Z relation provides a valuable tool for studying
the chemical evolution of galaxies. Yet, despite mounting obser-
vational evidence for the existence of the M-Z relation, many
questions remain regarding the origin, scatter and the possibility
of a dependence on the environment.
Tremonti et al. (2004, hereafter T04) investigated the local
M-Z relation for 53,000 local galaxies, finding that the M-Z
relation is steep for masses ≤ 1010.5 M⊙ and flattens at higher
masses. With the use of chemical evolution models, they inter-
pret the flattening in terms of efficient galactic winds that remove
metals from low-mass galaxies (≤ 1010.5 M⊙). However, these
observations can also be explained if low-mass galaxies possess
low star formation efficiencies, caused by supernova feedback
(Brooks et al. 2007), or via a variable integrated stellar initial
mass function (IMF; Ko¨ppen et al. 2007).
In addition to these various interpretations for the origin
of the relation, there is also debate about the impact of the
environment on the M-Z relation. Many early works based
on small samples of nearby galaxies (e.g. Shields et al. 1991;
Henry et al. 1992; Henry et al. 1994; Skillman et al. 1996) sug-
gest that galaxies residing in the closest cluster of galaxies, the
Virgo cluster, typically display metallicity enhancements up to
0.2 dex greater than similar objects in sparser environments,
suggesting that the M-Z relation may vary with environment.
However, more recent studies of larger samples of galaxies have
found that the effect of the environment is much weaker than
previously claimed. Mouhcine et al. (2007) selected a sample
of over 37000 galaxies from the SDSS and examined the de-
pendence of the oxygen abundance on the stellar mass and
local density. Across a range of environments, from isolated
systems to the periphery of clusters, they reported only a weak
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dependence of the M-Z relations on environment, with changes
in metallicity between 0.02 and 0.08 dex occurring over a
factor 100 change in local density. They also found that for a
fixed stellar mass, galaxies in denser environments only display
a slight metal enhancement compared to galaxies in sparser
environments. Moreover, Ellison et al. (2009) found that the
metallicity enhancement in the cluster M-Z relation is up to
0.05 dex, warning that environmental differences are subtle and
may not be clearly observed in the unbinned data of even large
samples (>1300) of galaxies. In contrast, Cooper et al. (2008)
find a stronger relationship between metallicity and environment
for galaxies in their SDSS-based sample, linking ≥ 15% of the
scatter in the observed M-Z relation to the environment. Thus,
there appears to be some disagreement about whether or not the
environment plays a significant role in the chemical evolution of
galaxies.
Before we can properly tackle these open issues, we must
first address a more pressing problem; the various methods
used to estimate metallicities often produce highly discrepant
results. Gas-phase oxygen abundances, a proxy of metallicity,
are determined from observations of nebular emission lines
in optical galaxy spectra. The [Oiii] λ4363 line may be used
to directly determine the oxygen abundance (the direct or Te
method), but detection of the line requires long integration
times, making large surveys unfeasible. Instead, observations
of large samples of giant local extragalactic Hii regions, where
the [Oiii] λ4363 line is more easily detected, provide empirical
relationships between different optical emission line ratios and
oxygen abundances determined via the Te method. These cali-
brations can then be applied to galaxy spectra to estimate the
oxygen abundance. In addition to these empirical metallicity cal-
ibrations, theoretical calibrations using nebular photoionization
models (e.g. CLOUDY, Ferland et al. 1998) combined with stel-
lar population synthesis models (e.g. Starburst99, Leitherer et al.
1999) allow the theoretical emission line ratios to be predicted
from varying input metallicities, temperatures and densities.
Many empirical and theoretical calibrations have been developed
that utilise different suites of emission lines, such as [Oiii]
λ3727, [Oiii] λ4959, [Oiii] λ5007 and Hβ in the R23 method
(e.g. Pagel et al. 1979; McGaugh 1991; Kobulnicky & Kewley
2004; Pilyugin & Thuan 2005), the [Nii] λ6584/Hα ratio (e.g.
Denicolo´ et al. 2002; Pettini & Pagel 2004) and the [Nii] λ6584 /
[Oii] λ3727 ratio (Kewley & Dopita 2002). Another approach is
to simultaneously fit all the strong emission lines and use theoret-
ical models to generate a probability distribution of metallicities
and statistically estimate the abundances (T04).
Despite the plethora of calibrations available, there is lit-
tle agreement between the estimated metallicities. Liang et al.
(2006) compared the metallicity calibrations from four different
methods applied to ∼ 40000 galaxies selected from the SDSS
(York et al. 2000), and observed discrepancies as large as 0.6
dex between observational estimates and the results from pho-
toionization models. Yin et al. (2007) also found a discrepancy
of 0.6 dex when comparing the theoretical results of T04 to the
empirical calibration of Pilyugin (2001). These large discrepan-
cies in the metallicities obtained from different calibrations mean
that obtaining reliable methods for measuring the metallicity of
a galaxy is still a focus of current research efforts.
This problem is important since hierarchical galaxy for-
mation models within the ΛCDM framework which incorpo-
rate chemical evolution models are now able to predict the
evolution of the M-Z relation (see e.g. De Lucia et al. 2004;
de Rossi et al. 2007; Dave´ & Oppenheimer 2007; Bertone et al.
2007). Reliable observations are required in order to accurately
determine the shape of the M-Z relation, and thus constrain
current theories of both the formation of galaxies and their sub-
sequent chemical evolution. Advancements in the capabilities of
telescopes and spectrographs allow for the observation of the
M-Z relation out to higher redshifts (e.g. Kobulnicky & Zaritsky
1999; Erb et al. 2006; Liang et al. 2006; Mouhcine et al. 2006).
However, observations at low and high redshifts cover different
restframe wavelengths, meaning that different emission lines are
used to determine the metallicity. Since the discrepancies be-
tween metallicities from different calibrations may be as large as
the expected evolution, these systematic errors in the calibrations
need to be first understood, so that the observed M-Z relations at
higher redshifts may accurately constrain the models.
Motivated by the need for an in-depth study of these dis-
crepancies, Kewley & Ellison (2008, hereafter KE08) compared
M-Z relations derived using ten different calibrations from the
literature. In addition to finding large systematic discrepancies
of up to 0.7 dex in the metallicities from different calibrations,
there was an evident disparity in the overall shape and zero point
of the M-Z relations (see Fig. 2 of KE08). Such discrepancies
mean that comparing results of different studies is not possible
and it is crucial to use the same metallicity calibration for any
comparisons of the M-Z relation. False trends in the data may
also be introduced in studies that try to maximise the number
of available measurements by using a combination of different
calibrations. In an effort to facilitate comparisons between the re-
sults of various samples, KE08 determined conversions allowing
metallicities derived with different calibrations to be converted
into the same base calibration. The new conversions removed the
0.7 dex systematic discrepancies. Using these new metallicity
conversions, it is now possible to compare metallicities derived
using different calibrations reliant on different sets of emission
lines. A better estimate of the relative oxygen abundance of
a galaxy may be obtained by converting each metallicity esti-
mate into the same base metallicity and then using the average
metallicity from all the available estimates. This method has
the advantage of maximising the amount of spectral information
used to estimate the metallicity. With more reliable estimates, it
may be possible to accurately determine the properties of the
M-Z relation and potentially explore the different theories of
chemical evolution which give rise to the relation.
In this paper, we first test the metallicity calibrations
and base conversions presented in KE08 with new integrated,
drift-scan optical spectroscopic observations of galaxies in the
Herschel Reference Survey (Boselli et al. 2010). For the first
time, we study the relationships between stellar mass, metallicity
and gas content using direct measurements of atomic hydrogen.
Throughout this work we adopt the oxygen abundance as a tracer
of the overall gas phase metallicity, using the two terms inter-
changeably, and a solar oxygen abundance of 12+log(O/H)=
8.69 (Asplund et al. 2009).
2. The samples and data
In this study, we adopt a galaxy sample drawn from late-type
galaxies in the Herschel Reference Survey (Boselli et al. 2010,
hereafter HRS). The HRS consists of a volume- and magnitude-
limited sample, selecting late-type (Sa and later) galaxies within
a distance range of 15 ≤ Dist. ≤ 25 Mpc and a 2MASS
(Skrutskie et al. 2006) K-band magnitude KS tot ≤ 12 mag.
Finally, galaxies residing at high galactic latitude (b > +55◦)
and in regions suffering from low galactic extinction (AB < 0.2;
Schlegel et al. 1998) are selected to minimize galactic cirrus
contamination. These criteria produce a sample of 260 late-type
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Fig. 1. The BPT (Baldwin et al. 1981) diagnostic diagram used
to classify the spectra of galaxies in this work, based on
the [Nii]/Hα and [Oiii]/Hβ line ratios. Objects for which
a measurement of [Oiii]/Hβ is not available are plotted at
log([Oiii]/Hβ) = -1.3. The Decarli et al. (2007) scheme (straight
dashed lines) marks the classification boundaries between star-
forming, LINER, Seyfert and composite/transition galaxies. In
addition, the demarcation line between star-forming and AGN-
host galaxies from Kauffmann et al. (2003, solid black line) is
shown. Potential AGN-host galaxies (red open circles) are thus
removed from the sample of normal star-forming systems (blue
closed circles).
galaxies. As extensively discussed in Boselli et al. (2010), this
sample is not only representative of the local universe but also
spans different density regimes (i.e., from isolated systems to the
center of the Virgo cluster) and so it is ideal for environmental
studies (see also Hughes & Cortese 2009; Cortese & Hughes
2009). For the following analysis, two sub-samples are created
based on the environment inhabited by each object in the sample.
All galaxies with membership of the Virgo cluster, as determined
with the criteria defined in Gavazzi et al. (1999), comprise the
‘Virgo’ sub-sample. Galaxies outside Virgo, which range from
isolated systems to galaxies in groups, are selected for the ‘non-
Virgo’ or ‘field’ sub-sample (and we refer to this sample of
galaxies in low density environments using both terms inter-
changeably).
A large multi-wavelength dataset is available for the HRS
sample. For estimating oxygen abundances, we use flux measure-
ments of optical emission lines presented in Boselli et al. (2012),
which discusses the data in detail. To briefly summarise, obser-
vations were carried out from 2004-2009 using the CARELEC
spectrograph on the 1.93 m telescope at Observatoire de Haute
Provence. Galaxies were observed using a 5 arcmin slit of width
of 2.5 arcsec, adapted for the typical seeing conditions (2-3 arc-
sec), with a typical wavelength range of 3600-7000 Å incident
on the CCD at a resolution of R∼1000. Integrated spectra were
obtained for 135 HRS galaxies by observing in the drift-scan
mode, whereby the spectrograph slit is allowed to drift across
the galaxy major axis, and the data reduced using standard tasks
in the IRAF1 software package. By combining this data with
emission line measurements from integrated spectra presented
in Gavazzi et al. (2004), Kennicutt (1992), Jansen et al. (2000),
Moustakas & Kennicutt (2006) and Moustakas et al. (2010), a
homogeneous dataset of the spectral properties of 236 of the 260
HRS late-types has been assembled. The spectra are corrected
for internal and galactic extinction and the Hα and Hβ lines are
corrected for underlying stellar absorption. For Hβ lines with
detected absorption, the absorption feature is deblended from
the emission line using SPLOT. To be consistent with Gavazzi
et al. (2004), a mean additive correction of 1.8 in flux and -1.4 Å
in E.W. is applied to those Hβ lines where underlying absorption
is not detected. For Hα lines, the spectral resolution and close
proximity of the [Nii] lines prevent the measurement of the Hα
underlying absorption. However, it has been shown that, despite
quite different star formation histories, the underlying absorption
of the Hα line is fairly constant with a mean value of E.W.Hαabs
= 2.80 ± 0.38 Å (Moustakas & Kennicutt 2006). We thus apply
a standard correction of 2.80 Å in E.W. and
f (Hα)corr = f (Hα)obs × (1 + 2.8E.W.Hαobs ) (1)
for the flux for all galaxies. The emission line intensities
are then corrected for internal and galactic extinction using
the Balmer decrement C(Hβ) and the reddenning function of
Fitzpatrick & Massa (2007), as described in Boselli et al. (2012).
All the galaxies in the HRS sample have been observed by
the Two Micron All Sky Survey (2MASS; Jarrett et al. 2003) in
the J (1.25 µm), H (1.65 µm) and KS (2.15 µm) bands. We adopt
the B − V colour-dependent stellar mass-to-light ratio relation
based on the H band luminosity
log(M∗/M⊙) = −0.059 + 0.21(B− V) + log(LH/L⊙) (2)
from Bell et al. (2003), which assumes a Salpeter (1955) IMF.
B and V band observations are available from the GOLDMine
database (Gavazzi et al. 2003) for 182 of the 260 galaxies and
morphologically averaged B − V colours are used when optical
observations are unavailable. Morphologies are taken from the
NASA/IPAC Extragalactic Database (NED). Bell et al. (2003)
report the errors in the mass-to-light ratio increase with B − V
colour, typically between 0.1 and 0.2 dex for galaxies with blue
optical colors. Including some error associated with the choice
of IMF, our typical errors in stellar mass are <0.3 dex.
Observations from the GALEX (Martin et al. 2005) GR2
to GR4 data releases in the near-ultraviolet (NUV; λ=2316
Å: ∆λ=1069 Å) band were available for all but one galaxy.
NUV magnitudes were obtained by integrating the flux over
the galaxy optical size, determined at the surface brightness of
µ(B) = 25 mag arcsec−2, with a typical uncertainty in the NUV
photometry of ∼0.1 mag. We use the LT IR/LUV method and the
age-dependent relations of Cortese et al. (2008) to correct the
UV magnitudes for internal dust attenuation. The TIR luminosity
is obtained from IRAS 60 and 100 µm fluxes or, in the few
cases when IRAS observations are not available, using the
empirical recipes described in Cortese et al. (2006). The typical
uncertainty in the NUV dust attenuation is ∼ 0.5 mag. Using the
corrected
1 IRAF is the Image Analysis and Reduction Facility made available
to the astronomical community by the National Optical Astronomy
Observatories, which are operated by AURA, Inc., under contract with
the U.S. National Science Foundation. STSDAS is distributed by the
Space Telescope Science Institute, which is operated by the Association
of Universities for Research in Astronomy (AURA), Inc., under NASA
contract NAS 5-26555.
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Fig. 2. The relationships between the metallicities obtained from the five calibration methods once converted into the PP04 O3N2
base metallicity (blue open circles). The 1:1 line is shown in red and the unconverted metallicities from each calibration are shown
for comparison (grey open circles). The scatter, σ, is the standard deviation of the residuals, δ, between the two plotted metallicities
converted into the PP04 O3N2 base metallicity, and ¯δ is the mean of these residuals.
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Fig. 3. The distribution of the errors in the final metallicity values
based on the PP04 O3N2 calibration.
NUV measurements, star formation rates (SFR) are estimated
from the conversion relations of Iglesias-Pa´ramo et al. (2006),
who find that the relation
log S FRNUV,cor (M⊙ yr−1) = log LNUV,cor (L⊙) − 9.33 (3)
provides the rate to an accuracy <20% under the assumption of
a Salpeter (1955) IMF.
Single-dish Hi 21 cm line emission data, necessary for
quantifying the Hi content of galaxies, were taken from
Gavazzi et al. (2003), Springob et al. (2005), Giovanelli et al.
(2007), Kent et al. (2008) and NED. Estimates of atomic hydro-
gen mass or upper limits are available for ∼97% (252/260) of
the late-type galaxies. We estimate the Hi deficiency parameter,
DEF(HI), as defined by Haynes et al. (1984): i.e., the difference,
in logarithmic units, between the observed Himass and the value
expected from an isolated galaxy with the same morphological
type T and optical linear diameter D:
DEF(HI) = log MexpHI (T, D) − log MobsHI . (4)
We use the equation in Haynes et al. (1984) to calculate the
expected Hi mass from the optical diameter. The four revised
coefficients that vary with morphological type are taken from
Solanes et al. (1996) for Sa-Sab, Sb, Sbc, Sc types, and from
Boselli & Gavazzi (2009) for Scd to Irr types. Given its large
uncertainty, in the following, we will mainly use the Hi defi-
ciency to select those galaxies which have likely lost a significant
amount of atomic hydrogen. In detail, we use a threshold of
DEF(HI) = 0.5 to discriminate between ‘Hi-deficient’ and ‘Hi-
normal’ galaxies. Hi-deficient systems are thus objects with
≥70% less atomic hydrogen than expected for isolated objects
of the same optical size and morphological type. Out of all 260
HRS late-types, 33%(64%) are Hi-deficient(-normal), with 71%
of the Hi-deficient late-types residing in the Virgo cluster.
3. Estimating metallicity
In this section, we discuss in detail the new method adopted
for estimating global oxygen abundances. In order to test the
accuracy of the method and examine the relationships between
metallicities derived from different calibrations, we include, in
addition to the HRS sample, all available spectroscopic obser-
vations for galaxies in the GOLDMine database (Gavazzi et al.
2003). The observations presented in Gavazzi et al. (2004) cover
galaxies in the Virgo cluster and other nearby clusters - Coma
and A1367, Cancer, A262 and Centaurus - plus 10 isolated
objects, thereby increasing the number of observed galaxies
to 478 objects. We stress the use of the 478 observations is
restricted to testing our methodology in this section, whereas we
use the HRS sample of 260 late-types for the main analysis.
Oxygen abundances are estimated from measurements of
emission line fluxes using five different calibrations from the
literature. In order to compare the metallicity estimates given by
the different metallicity indicators and hence determine the most
accurate calibration, we use calibrations derived from both em-
pirical observations and theoretical models. The two calibrations
presented in Pettini & Pagel (2004, hereafter PP04) are empiri-
cal estimates of the oxygen abundances calibrated from obser-
vations of Hii regions, using the [Nii] λ6584/Hα (N2) and [Oiii]
λ5007/[Nii] λ6584 (O3N2) ratios. The calibrations of McGaugh
(1991, M91) and Zaritsky et al. (1994, Z94) are theoretical
methods based on the R23 ≡ log([Oii]λ3727 + [Oiii]λ4959 +
[Oiii]λ5007)/ Hβ ratio. Finally, the Kewley & Dopita (2002,
KD02) calibration uses the [Nii] λ6584 / [Oii] λ3727 ratio. All
these calibrations do not require knowledge of the [Oiii] λ4363
emission line and are indirect measures of the metallicity. We
note that the R23 ratio is double-valued; we use the [Nii]/[Oii] ra-
tio to break the R23 degeneracy for the M91 and Z94 calibrations,
as detailed in Appendix A of KE08. Table 1 provides a summary
of the different calibrations used in this study.
Since the optical emission lines are susceptible to con-
tamination due to AGN emission, which may lead to incor-
rect estimates of the oxygen abundance, our first step is to
identify and eliminate potential AGN-hosts and galaxies dis-
playing AGN-like characteristics from our samples. The BPT
(Baldwin, Phillips, & Terlevich 1981) diagnostic diagram based
on the [Nii]/Hα and [Oiii]/Hβ line ratios is used to classify the
spectra of galaxies (see Fig. 1). We remove all galaxies that
are above the Kauffmann et al. (2003) demarcation line between
star-forming and AGN-host galaxies. Furthermore, objects for
which a measurement of [Oiii]/Hβ is not available (plotted at
log([Oiii]/Hβ) = -1.3 in Fig. 1) may host AGN or demonstrate
AGN-like activity. We therefore also remove those objects with
log([Nii] λ6584/Hα) > -0.4, which are classified as LINER,
Seyfert or composite/transition galaxies with the Decarli et al.
(2007) scheme. These conservative cuts remove 36 potential
AGN-host galaxies, 23 of which are members of the HRS
sample. Taking into account that the validity ranges of the
various metallicity calibrations tend to exclude emission line
ratios characteristic of AGN-hosts, these cuts remove only 6
HRS galaxies with useable metallicities that could contaminate
the analysis.
We then apply each of the calibrations to the emission line
flux measurements for each galaxy. As previously mentioned,
the spectra are corrected for internal and galactic extinction,
and the Hα and Hβ lines are corrected for underlying stellar
absorption (see Boselli et al. 2012). Systems lacking a measure
of C(Hβ) due to undetected Hβ emission only have metallicities
estimated with the PP04 N2 calibration. Unlike the other emis-
sion line ratios exploited by the remaining calibrations, the [Nii]
and Hα lines used in this calibration have very close wavelengths
and are similarly affected by dust extinction. Yet, because the
values of the reddening function adopted for extinction correc-
tions are similar for the [Nii] and Hα lines, the ratio does not
require a measurement of C(Hβ) and therefore can still be used
for estimating oxygen abundances.
We first examine the relationships between the estimates
derived from the different calibrations. A visual inspection of
5
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Table 1. A summary of the calibrations used to estimate the gas-phase metallicity.
Reference Method Emission Lines Limits
McGaugh 1991 M91 [Oii], Hβ, [Oiii] 7.1 < 12+log(O/H)< 9
Zaritsky et al. 1994 Z94 [Oii], Hβ, [Oiii] 12+log(O/H)>8.4
Kewley & Dopita 2002 KD02 [Oii], [Nii] 12+log(O/H)>8.4
Pettini & Pagel 2004 PP04 N2 [Nii], Hα 7.17 < 12+log(O/H)< 8.87
Pettini & Pagel 2004 PP04 O3N2 Hβ, [Oiii], [Nii], Hα 8.12 < 12+log(O/H)< 9.05
metallicity-metallicity diagrams, where each calibration method
is plotted against the other four methods (Fig. 2, grey circles),
confirms the significant discrepancies which arise when using
different calibration methods which have not been converted into
a ‘base’ metallicity, as discussed in KE08. The mean residual
metallicity given by ¯δ, where δ = x − y, is 0.17 dex. The
standard deviation of the difference between the estimates of
the two calibrations is lowest for the PP04 O3N2 and N2
calibrations (σ = 0.07 dex) and highest for between Z94 and
PP04 N2 (σ = 0.25 dex). It is evident that the estimates, and
thus the discrepancies and the shape of the relations between
different calibrations, are consistent with those found in previous
studies and in KE08. This is encouraging when one considers
that the two datasets were obtained in different ways: KE08
use spectroscopy from SDSS fibers, whereas this work uses
integrated, drift-scan spectroscopy.
The situation improves once the systematic discrepancies
between the different calibrations are removed by converting
the results into a base metallicity, such that all the abundance
estimates from different calibrations are comparable. By fitting
the relationship between the various results of the calibrations,
KE08 were able to eliminate the systematic discrepancies and
produce comparable metallicity measurements from different
calibration methods. The conversion relations enabling a metal-
licity from one method to be converted into any other metallicity
follow y = a + bx + cx2 + dx3 where y is the final or ‘base’
metallicity in 12+log(O/H) units, x is the original metallicity
from an alternate calibration and a-d are the third order coeffi-
cients, as presented in Table 3 of KE08. We convert each metal-
licity estimate from the five calibrations into the PP04 O3N2
calibration, because it results in very small residual metallicity
discrepancies when used as a base calibration (KE08, Fig 4).
Fig. 2 also presents metallicity-metallicity diagrams for each
calibration plotted against the other four calibration methods
after this conversion into the PP04 O3N2 base metallicity. It
is evident that the systematic discrepancies between the five
calibrations are significantly reduced and remain consistent with
KE08. The mean residual metallicity is ¯δ =0.03 dex and the aver-
age standard deviation of the differences between the estimates
of the calibrations is σ =0.11 dex.
The final metallicity estimates of each galaxy are derived
from the mean of all the applicable calibrations (i.e. upto five
metallicity estimates available per galaxy) converted into the
PP04 O3N2 base metallicity and weighted by the errors asso-
ciated with each calibration method. These calibration errors
are obtained from the standard deviation of the scatter when
comparing the metallicities from a particular calibration with the
those of the remaining four calibrations. The errors in the M91,
Z94, KD02, PP04 O3N2 and N2 are 0.12, 0.11, 0.12, 0.10 and
0.10 dex, respectively. The overall error is calculated from the
error-weighted normalised mean metallicity to give the standard
weighted error. Fig. 3 shows the distribution of the errors in
our final metallicity measurements. The average error is 0.13
dex. We obtain oxygen abundances for 272 galaxies from 442
observations2, presented in Table 2, of which 169 galaxies are
HRS late-types; 75 (94) galaxies are Virgo cluster (non-Virgo,
field) objects. Of all the HRS galaxies with oxygen abundances,
36% use 4 or 5 calibrations, 51% use 2 or 3 calibrations and
only 13% of the sample rely on one calibration. Thus, it is now
possible to explore the nature of the M-Z relation in different
environments using the HRS sample of galaxies combined with
these new estimates of the gas-phase metallicities.
4. Defining the M-Z relation
First, we investigate the relationship between stellar mass and
gas-phase oxygen abundance for the HRS sample, presented in
Fig. 4. A positive correlation exists between the two quantities
with a Spearman coefficient of rank correlation of ρ = 0.61, cor-
responding to a probability P(ρ) > 99.9% that the two variables
are correlated. Also displayed in Fig. 4 is the best fit to the PP04
O3N2-based M-Z relation presented in KE08 (renormalised
to a Salpeter IMF following Bell et al. 2003), which is fairly
consistent with our own observations. To obtain our best fit M-Z
relation, we use the IDL polyfit task to perform a least squares
fit to the mean metallicity in bins of fixed stellar mass. We find
that a linear fit would most likely suffice to describe the M-Z
relation for this sample. However, recent studies have reported
that the M-Z relation flattens with increasing stellar mass and
that the relation is best described using a polynomial function
(see e.g. KE08 and references therein). The use of a polynomial
has a physical as well as observational basis, since simple
chemical evolution models predict that as gas is consumed via
star formation, with a consequent increase of the stellar mass, the
metallicity reaches a maximum upper limit that is determined by
the mass of metals freshly produced in stars and ejected into the
ISM, i.e. the yield (see e.g. Edmunds 1990; Erb 2008). Hence,
we also fit a polynomial function to the binned data, obtaining
y = 22.800 − 4.821x + 0.519x2 − 0.018x3 (5)
where x is the logarithm of the stellar mass in units of M⊙ and
y is the oxygen abundance in 12+log(O/H) units. This best fit
M-Z relation is fairly consistent with those presented in KE08,
with discrepancies between the fit presented here and the KE08
fits being within the errors over most of the range in stellar
mass. The disagreement in the fit arises at stellar masses lower
than ∼109 M⊙, due to the HRS sample having too few low
mass galaxies to accurately constrain the y-intercept of the M-
Z relation, compared to the larger range of the sample used in
KE08. The metallicity residuals from the linear and polynomial
fits are presented in Fig. 4. This figure is important since the
2 Even after excluding potential AGN-host galaxies, not all spec-
troscopic observations yield a metallicity estimate, due to either the
absence of the required emission lines or emission line ratios which
fall outside of the validity ranges of the calibration methods.
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residuals represent the scatter in the M-Z relationship, and it
is important that the fitted relationship does not introduce any
artificial trends across the mass range, in order to accurately
study the origin of the scatter. Both residual distributions are
remarkably similar, with no trends introduced from the fits.
Indeed, the Spearman correlation coefficients for each of the
panels are both much smaller than 0.04, where a coefficient
of zero indicates no observed trend in the data. The scatter in
the M-Z relation is 0.11 dex, which is only slightly larger than
the scatter reported in T04 and comparable to the 0.1 dex error
associated with the metallicity estimates. Therefore, the choice
of linear or polynomial fit does not make a significant difference
to the distribution of the residual metallicities, yet we proceed
with the analysis using the residuals from the polynomial fit for
the physical reasons expressed above.
5. Gas content and SFR
In the previous section, a correlation between the stellar mass
and gas-phase oxygen abundance was confirmed. The most
interesting observation is, as previously noted by T04, the
tightness of the correlation, as the scatter from the fitted M-Z
relations are only ∼0.1 dex, which is comparable to the error
associated with the metallicity estimates. This observation is
quite remarkable when consideration is given to the plethora of
processes that potentially affect both quantities. In this and the
following section, we will investigate the origin of the scatter
in the M-Z relation, by considering properties that could, in
theory, influence the link between stellar mass and metallicity.
Two natural quantities that have been proposed in the past are
the gas fraction and star formation rate.
A link between gas content and metallicity is supported on
theoretical grounds. It is well known that a solution to a simple
closed-box model for chemical evolution relates gas content
to metal content (see Edmunds 1990 and references therein).
Recently, Zhang et al. (2009) investigated the role of gas fraction
on the M-Z relation by using a sample of ∼105 SDSS galax-
ies. They showed that galaxies with a lower gas content often
display enhanced metallicities at a fixed stellar mass and found
a systematic change in the gas fraction along the M-Z relation.
However, it is important to note that Zhang et al. did not use Hi
masses obtained from 21 cm observations, but empirical ones
estimated from a recipe based on colour and stellar mass surface
density. Using the HRS sample, we are now able to investigate
the importance of the gas fraction using direct measurements of
the Hi mass, instead of indirect estimates. Following previous
work, we define the gas fraction as the ratio of the gas mass to
the sum of the gas and stellar mass,
µ =
Mgas
M∗ + Mgas
(6)
such that it represents the amount of gas which has not yet been
turned into stars. The gas mass is considered to be the mass
of Hi (MHI) with a correction for neutral helium Mgas = 1.32
MHI . We note that this is a ‘hybrid’ gas fraction, since it does
not take into account the contributions of molecular hydrogen.
The H2 content comprises at least 20% of the total gas mass
and should be given consideration. However, we currently lack a
homogeneous dataset of CO maps for the HRS sample. There is
also a large uncertainty of the CO-to-H2 conversion factor, which
varies with metallicity and other physical properties of the ISM
in galaxies (Boselli et al. 2002). For these reasons, we use only
the homogeneous Hi data available for the HRS.
Fig. 5 shows the relationship between the oxygen abundance
and gas fraction. In the left panels of the diagram, Hi deficient
galaxies highlighted on the M-Z relation and the residual M-
Z relation (determined from the best fitting polynomial from
the previous section) typically display higher metallicities than
Hi normal galaxies; Hi deficient galaxies are on average more
metal-rich than their Hi normal counterparts by approximately
0.1-0.2 dex (we will return to this point in the next section). This
immediately hints at a trend between gas content and metallicity.
In fact, there is a strong trend between the oxygen abundance
and the gas fraction of Hi normal galaxies: lower gas fractions
tend to indicate a higher oxygen abundance. The correlation
has a Spearman rank correlation of ρ = −0.63, corresponding
to a probability of correlation of P(ρ) > 99.9%, and a scatter
of 0.14 dex in the linear best fit relation. This trend between
oxygen abundance and the gas fraction remains once the mass
dependency is removed, with the relationship between residual
oxygen abundance and gas fraction showing that the gas content
may be responsible for the observed scatter in the M-Z relation.
This correlation has a Spearman rank correlation of ρ = −0.45,
corresponding to a probability of correlation of P(ρ) > 99%,
confirming theoretical expectations that at least part of the scatter
in the M-Z relation is due to a different gas content at fixed
stellar mass. Thus, using the relation between gas content and
the residual metallicity for the Hi normal galaxies, we can
investigate whether or not we can reduce the scatter in the M-
Z relation. Using a linear relation between the gas fraction and
residual oxygen abundance (Fig. 6) reduces the scatter around
the original best fit M-Z relation from 0.11 dex to 0.09 dex. Such
a reduction in scatter is a minor improvement with respect to the
original relation. This might be due to the fact that the intrinsic
error in the metallicity estimates does not allow us to reduce the
scatter of the relation further.
Two recent studies by Lara-Lo´pez et al. (2010) and
Mannucci et al. (2010) demonstrate that stellar mass and metal-
licity form a so-called fundamental plane or fundamental rela-
tion when combined with the SFR for field star-forming galaxies,
these relationships suggest that part of the scatter in the M-Z
relation is due to SFR. In order to test this scenario, we first
look for any trend between the residuals of the M-Z relation and
the SFR. As shown in Fig. 6, almost no correlation is observed
between the two quantities (ρ = −0.11; P(ρ) < 95%). Attempting
to correct the scatter in the M-Z relation using the SFR, based
on a linear best fit to the residual oxygen abundance, actually
increases the scatter in the M-Z relation from 0.11 dex to 0.13
dex. Using the NUV to estimate the SFR is reliant on the assump-
tion that the SFR is constant over time-scales > 108 yr, which
may not be correct for cluster objects (Iglesias-Pa´ramo et al.
2004). Therefore, we also performed the same test using SFRs
calculated using Hα and FUV data (taken from Boselli et al.
2009) available for 122 of the HRS galaxies. We briefly note
that SFR(NUV) is typically greater than SFR(Hα) with a mean
offset of 0.16 dex and a scatter of σ = 0.4 dex. Once again, we
found no trend between SFR and residual metallicity, nor could
the scatter in the M-Z relation be reduced using a linear best fit
to the SFR. This suggests the scatter in the M-Z relation is more
closely related to the gas content than SFR.
This is an interesting result, as the correlations between
stellar mass, metallicity and gas fraction found in this work
hint that the available gas content is more important than the
SFR. A relation between metallicity and gas fraction is expected
if a galaxy evolves like a closed box, without the inflow or
outflow of gas (see e.g. Edmunds 1990). As an additional test, we
investigate the M∗ − Z − µ plane. In order to compare it’s scatter
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Fig. 4. Left panel: The relationship between stellar mass and metallicity for the HRS sample of galaxies (blue circles), using
metallicity estimates based on the PP04 O3N2 base calibration. The KE08 best fit (solid black line) and our linear and polynomial
fits (dashed red and solid green lines, respectively) to the binned data (black squares) are presented. Error bars show the 1-σ scatter
in each bin. Right panels: The residual metallicities as obtained from the linear and polynomial best fits.
to the scatter of the M∗−Z−S FR plane, we follow the method of
Yates et al. (2012). We do not find a minimum in the projection
of least scatter for the SFR-plane (as in Fig. 6 of Yates et al.) nor
do we find a significant minimum for the µ-plane. This is most
likely due to our sample being considerably smaller than that
of Yates et al., and we lack sufficient statistics to seek second
order trends. When we attempt to express the stellar mass as
a combination of the metallicity and SFR, using the method
of Lara-Lo´pez et al. (2010), we find an optimal fit to a plane
which is consistent with their results and with a scatter of 0.12
dex. We note that the fact that we find a stronger correlation of
metallicity with gas fraction than with SFR might have important
implications. Future work will be to examine the role of the Hi
content using a larger sample.
To summarise our main results so far, we find clear trends
between the stellar mass, oxygen abundance and gas fraction,
such that the scatter in the M-Z relation is anti-correlated with
the gas content.
6. On the effect of the environment
The correlation between gas content and metallicity, whereby
gas-poor galaxies are typically metal-rich, is consistent with an
earlier study by Skillman et al. (1996). They demonstrate that
some individual galaxies within the cluster environment display
metallicity enhancements of approximately 0.2 dex, whereas
those galaxies on the periphery of the cluster have similar
abundances as counterpart systems in sparse environments. In
fact, many initial works based on small samples of galaxies
(e.g. Shields et al. 1991; Henry et al. 1992; Henry et al. 1994;
Skillman et al. 1996) suggest that the Virgo cluster members
which typically display metallicity enhancements also have a
tendency to be environmentally perturbed systems, as possibly
indicated by a deficiency in their gas content. Recent studies
using much larger samples have also indicated that gas defi-
cient objects in clusters are more metal rich than field galaxies
(Boselli & Gavazzi 2006). All these studies suggest that the gas
content may affect the chemical abundance. Since Hi deficiency
is typically linked to the removal of gas from a galaxy via
environmental effects (e.g. ram pressure stripping), this could
further indicate that the environment inhabited by a galaxy plays
a role in chemical evolution processes. We thus proceed by
Fig. 5. The relationships between stellar mass (left panels) and
gas fraction (right panels) with oxygen abundance (upper pan-
els) and residual oxygen abundance (lower panels) obtained
from the best polynomial fit (solid black line in the upper left
panel). Dividing the sample by Hi content demonstrates that gas
content is anti-correlated with metallicity for Hi normal galaxies
(blue open circles). Furthermore Hi deficient systems (red solid
circles) are preferentially found at higher metallicities. Such
trends remain when eliminating the stellar mass dependency.
investigating whether the environment inhabited by a galaxy
effects the relations between stellar mass, metallicity and gas
content, using the HRS cluster and field sub-samples. Since
any difference in the metallicities of objects in different envi-
ronments is likely to be small, as suggested by the 0.02 - 0.08
dex metallicity variations reported by Mouhcine et al. (2007),
Cooper et al. (2008), and Ellison et al. (2009), we explore a
number of different approaches to check for any variations with
environment.
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Firstly, we attempt to seek any difference between the scatter
of the observations in the two different environments. Fig. 7
presents M-Z relations for the Virgo cluster members and those
galaxies residing outside the cluster. The M-Z relation displays
only minor differences between galaxies in the Virgo cluster
and galaxies residing in sparser environments. From Fig. 7, the
scatter yields no significant difference between the two distribu-
tions, as the dispersion is 0.15 dex in the cluster compared to
a dispersion of 0.14 dex for the field galaxies. The correlation
in the M-Z diagram of the cluster galaxies is also similar, with
Spearman correlation coefficients of 0.48 in the cluster and 0.56
in the field. These coefficients relate to probabilities of the two
quantities being correlated of P(ρ) >99% . Thus, cluster galaxies
do not display significant metallicity enhancements with respect
to systems residing in the field. In addition, comparing the mean
value in binned data for the cluster and field environments (right
panel of Fig. 7), it is apparent that whilst the differences in the
average metallicity estimates at each fixed stellar mass are of the
order of 0.05 dex, there is no systematic metallicity enhancement
across the range of mass bins observed for either environment.
Indeed, neither environment shows an enhanced metallicity in
any two adjacent mass bins. Finally, using the field M-Z relation
to calculate the residual metallicities for galaxies in both envi-
ronments (lower panels of Fig. 7), we further demonstrate there
is no significant difference between the cluster and field M-Z
relations.
Overall, the Virgo cluster members do not demonstrate a
higher dispersion compared to the non-cluster galaxies. No
systematic variations between the environments are observed
and no evidence suggests an environmental dependence to the
scatter of the M-Z relation. However, we note that although it
appears that the M-Z relation is insensitive to the environment a
galaxy inhabits, we can not rule out the possibility that a subtle
underlying variation is hidden within the observational errors.
This may not be such a surprising result. Although Ellison et al.
(2009) found that the metallicity enhancement in the cluster M-Z
relation was up to 0.05 dex, they also warn that such environmen-
tal differences are subtle and may not be clearly observed in the
unbinned data of even large samples (>1300) of galaxies. Whilst
the results are not sensitive enough to discriminate whether the
small variations we observe are really due to the environment or
merely arise from observational errors, we can place an upper
limit of 0.1 dex on any environmental variation. This result is
consistent with Ellison et al. (2009) and Mouhcine et al. (2007),
appearing to disagree with the observations of individual objects
in Skillman et al. (1996), who suggest that the environment
plays a greater role in affecting the chemical abundance in
comparison to our findings. Whilst it is possible that individual
objects do have enhanced metallicities in the cluster environ-
ment, such strong environmental dependence is not statistically
seen in any of the M-Z diagrams presented in Fig. 7.
Initial inspection of the distribution of Hi-deficient galaxies
on the M-Z diagram (upper left panel of Fig. 5), appears to show
that a large fraction (nearly ∼2/3) of the Hi deficient galaxies
are metal-rich, i.e. they lie above the M-Z relation. In fact, by
dividing the sample according to gas content (Fig. 8), it is clear
that Hi deficient galaxies typically display enhanced oxygen
abundances compared to their Hi normal counterparts. The trend
is clearer when using the average metallicities for each bin of
fixed stellar mass, also shown in Fig. 8, as this demonstrates that
the Hi deficient galaxies do not follow the same M-Z relation
derived from the Hi normal sample, but typically have enhanced
metallicities. We also find marginal evidence that Hi deficiency
seems to affect the metallicities of low mass galaxies more than
Fig. 6. Upper panel: The best fit relationship between residual
metallicity and the gas fraction, which is then used to reduce the
scatter in the M-Z relation from 0.11 to 0.09 dex. Lower panel:
The same exercise is performed using the best fit relationship
between residual metallicity and SFR, but the scatter in the M-Z
relation is increased by 0.03 dex.
high mass ones, as recently shown by Petropoulou et al. (2012).
This may be due to high mass galaxies possessing flat metallicity
gradients (Moran et al. 2012), such that the removal of gas from
the outer disk does not effect on the mean metallicity.
As Hi deficient objects are usually found in the cluster envi-
ronment, where infalling galaxies may be victim to the effects
of ram pressure stripping by the intracluster medium, we might
expect to observe a much stronger offset between the cluster and
field M-Z relations. However, considering that 1) only ∼30% (21
out of 75 objects) of the Virgo cluster members in our sample
are classed as Hi deficient, and 2) only 12 Hi deficient Virgo
galaxies display metal enhancements larger than 0.1 dex, it is not
entirely surprising that we do not observe average offsets larger
than 0.05 dex between the field and cluster samples. We only
find a significant offset in the M-Z relation when we divide our
sample by Hi deficiency because we are preferentially selecting
galaxies that have already been significantly affected by their
environment. Nevertheless, we stress that larger samples of
9
T. M. Hughes et al.: The role of cold gas and environment on the stellar mass-metallicity relation
Fig. 7. Stellar mass versus oxygen abundance (upper panels) and the residual oxygen abundance (lower panels) as calculated from
the best-fit M-Z relation for the field sub-sample (solid black line). The sample is divided between field, non-Virgo galaxies (left
panels, solid blue circles) and those galaxies residing in the Virgo cluster (middle panels, open red circles). Mean metallicities in
bins of fixed stellar mass (right panels) show no systematic difference between the field galaxies (blue squares) and Virgo cluster
members (red triangles). Error bars show the 1-σ scatter in each bin.
Fig. 8. Stellar mass versus oxygen abundance (upper panels) and the residual oxygen abundance (lower panels) as calculated from
the best-fit M-Z relation from the field sub-sample (solid black line). The sample is divided between Hi normal galaxies (left panels,
blue circles) and their Hi deficient counterparts (middle panels, red circles). We differentiate between field galaxies and Virgo cluster
members using solid and open symbols, respectively. Mean metallicities in bins of fixed stellar mass (right panels) show a clear
systematic difference between the Hi normal (blue squares) and Hi deficient galaxies (red triangles). Error bars show the 1-σ scatter
in each bin.
10
T. M. Hughes et al.: The role of cold gas and environment on the stellar mass-metallicity relation
cluster galaxies with integrated spectra are required to confirm
our findings.
Our result that Hi deficient galaxies typically have enhanced
metallicities is consistent with the properties of individual ob-
jects included in Skillman et al. (1996), where some Hi deficient
objects are more metal-rich with respect to those with normal
gas content. Results from the Herschel Space Telescope have
uncovered a correlation between the ratio of the submillimetre-
to-optical diameter and with the Hi-deficiency, suggesting that
the cluster environment is capable of stripping not only gas but
also dust and, likely, metals (Cortese et al. 2010). One possible
explanation for a link between Hi deficiency and metallicity
is that the removal of the outer gas-rich disk, via e.g. ram
pressure stripping, would cut-off the inflow of metal-poor gas
to the central regions. If a galaxies metallicity is the result
of an equillibrium between the metal-poor inflow and SFR
(Finlator & Dave´ 2008), then cutting gas inflow would cause
an increase in metallicity as the galaxy continues to form stars.
There also remains a small possibility that some metals avoid
being stripped along with the gas and a fraction of the dust.
The amount of dust removed from a galaxy has been demon-
strated to be significantly lower than the amount of Hi stripped
(Cortese et al. 2012). Effective metal retention combined with
efficient gas stripping could also produce metallicity enhance-
ments for cluster galaxies (Petropoulou et al. 2012).
An alternative explanation for the observed metallicity en-
hancements is based on the possibility of a selection effect in
the observations. Consider the scenario where gas is stripped
from the galaxy via an environmental mechanism, such as ram
pressure stripping (see e.g. Boselli et al. 2006). In the outskirts
of a galaxy, this will lead to a reduction in the number of
observed Hii regions, since a reduction of the star formation
rate following the removal of gas, combined with the effects
of stellar evolution, means that the number of hot young stars
emitting ionising photons will decrease. Therefore, only Hii
regions within the stripping radius will be observed, where gas
remains as fuel for new stars to continue to be created, and,
in the case of galaxies with strong metallicity gradients, only
the most metal rich Hii regions will contribute to an integrated
measurement of the metallicity. In this scenario, a Hi deficient
galaxy might appear to have an enhanced metallicity. To test
this scenario, we use the radial abundance profile of NGC 4254
presented in Skillman et al. (1996). This galaxy was arbitrarily
chosen due to it’s clear oxygen abundance gradient (when using
the Z94 metallicity calibration). The Z94 profile is first converted
into the PP04 O3N2 base calibration, using the same conversion
relation as provided in KE08, such that integrated metallicities
from the profile are comparable with the PP04 O3N2-based M-Z
diagrams. The Z94 and converted PP04 profiles are presented in
the left panel of Fig. 9.
Firstly, we note that the metallicity gradient is dependent on
the choice of calibration used for the base metallicity, as shown
by Moustakas et al. (2010). The Z94 profiles from Skillman et al.
(1996) were chosen for displaying the strongest metallicity gra-
dients of the nine galaxies in the Skillman et al. (1996) sample,
with the aim of demonstrating the largest possible effect on
the observed metallicity due to ram pressure stripping. Yet the
metallicity gradient is very weak when, for example, the D02
acts as the base calibration. It is important to remember that the
choice of calibration affects the observed metallicity gradient.
We obtained integrated metallicities observed in the cases
‘before’ and ‘after’ gas stripping. The integrated metallicity
‘before’ gas stripping was found by weighting the metallicity
gradient by an exponentially declining intensity profile ∝ e−R/RE ,
and finding the average intensity-weighted metallicity for the
full profile. To calculate the observed metallicity ‘after’ gas
stripping, the average intensity-weighted metallicity was found
within an assumed stripping radius of R/RE = 1.5. This value is
purely an approximation given that the stripping radius found
in galaxy models varies depending on the model ingredients
and are often around 11-15 kpc in a galaxy with semimajor
axis of 25 kpc (Kronberger et al. 2008; Tonnesen & Bryan 2009).
However, this assumption is sufficient for the illustrative pur-
poses of this toy model. From these calculations, it is shown that
metallicity enhancements of up to ∼0.1 dex may be reproduced,
and which may be larger for galaxies with steeper metallicity
gradients. This is a significant increase to the observed metal-
licity. The predicted metallicity enhancement moves NGC 4254
from the M-Z relation into the parameter space typical of the
Hi deficient galaxies (Fig. 9). Thus, this simple model may
explain the higher abundances of gas-deficient galaxies without
requiring any special physical process that would alter the M-
Z relation. Only 2D metallicity maps will be able to determine
whether this increase in metallicity is ‘real’ or just due to an
‘observational bias’.
To summarise the main points of this section, we find no
significant variation of the M-Z relations interior or exterior
to the Virgo cluster, but also cannot conclusively rule out the
possibility of a weak sensitivity to the environment. We also
demonstrated how a possible selection effect could enhance the
observed abundances of Hi deficient galaxies without invoking
an environmental variation in the M-Z relation. All these find-
ings, consistent with previous studies, suggest that environmen-
tal processes play a secondary role in governing the M-Z relation,
with internal processes playing a role in producing the observed
relationships between stellar mass, gas content and metallicity.
7. Discussion
In our analysis, we find that the gas content appears to drive
the M-Z relation, given that we observe an anti-correlation
between gas content and metal content, which remains even
when removing the metallicity dependency on stellar mass. We
also find no significant difference between M-Z relations of
galaxies in cluster and field environments. Whilst the origin of
the stellar mass - metallicity relation has been the focus of many
previous studies, these new results are only made possible due
to the unique dataset available for the HRS sample.
Firstly, most previous studies have lacked spatially inte-
grated, drift-scan spectra for a moderately-sized galaxy sam-
ple, instead using SDSS fiber spectroscopy or standard long-
slit spectroscopy (see e.g. Garnett 2002; Tremonti et al. 2004;
Dalcanton 2007). Such data can prove problematic for the inter-
pretation of results, since the presence of metallicity gradients
may not be properly taken into account. Further complications
may arise when using inhomogeneous metallicity estimates,
either taken from the literature or calculated from multiple
metallicity calibrations. Finally, and most importantly for this
work, information on the gas content of galaxies is crucial for
discriminating between the various scenarios that produce the
M-Z relation; it is impossible to ascertain whether a galaxy is
metal-poor because of the outflow of enriched gas, or a lower
efficiency at converting gas into stars. Nearly all the previously
mentioned studies lack direct gas measurements, instead infer-
ring the gas content indirectly from the SFR with the Kennicutt
relation (e.g. Tremonti et al. 2004; Erb 2008; Spitoni et al. 2010).
Furthermore, previous studies examining the role of environ-
ment in shaping the M-Z relation also either lacked information
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y = -0.20 x + 9.43
y = -0.14 x + 8.99
NGC4254
Z94:
PP04 O3N2:
Fig. 9. Left panels: The metallicity profile for NGC 4254 from Skillman et al. (1996) using the published Z94-based metallicities
(blue circles) and converted into the PP04 O3N2 base calibration (red circles). The black dashed line marks the assumed stripping
radius at R/RE < 1.5. Right panels: The two limits for NGC 4254 (black triangle) plotted on the M-Z diagram are based on the
integrated metallicities for the total profile and for R/RE < 1.5 i.e. ‘before’ and ‘after’ gas-stripping. The galaxy is shifted from the
total M-Z relation (solid black line) to the best fit relation (dashed black line) to the Hi deficient galaxies (red circles).
on the gas content (Mouhcine et al. 2007; Cooper et al. 2008;
Ellison et al. 2009), or used small samples in their analysis (e.g.
Skillman et al. 1996; Vila-Costas & Edmunds 1992). Thus, this
paper presents the first moderately large sample with spatially
integrated, homogeneous metallicities derived from consistent
metallicity calibrations, Hi gas measurements and environment
information. Our findings that the gas content drives the M-Z
relation could not be done without this information.
As we noted earlier, the relationship between gas content
and metallicity is expected if a galaxy evolves like a closed
box, without the inflow or outflow of gas (see e.g. Edmunds
1990). Even though galaxies are thought to form heirarchically
(e.g. Springel et al. 2005; Baugh 2006) and evidence shows
that galaxies do not evolve as truely closed systems (e.g.
Boselli & Gavazzi 2006), it is still important to test that these
results are indeed consistent with the simple closed box model.
The model predicts that as star formation converts gas into stars,
the gas metallicity Zgas increases as the gas mass fraction µ
decreases according to (Searle & Sargent 1972)
Zgas ≡ y ln(µ−1), (7)
where y is the true nucleosynthetic yield, defined as the mass in
heavy elements freshly produced by massive stars and returned
to the ISM relative to the total mass locked up in long-lived
stars and stellar remnants. In reality, a galaxy can exchange
mass with it’s environment, which will alter the above relation
and mimic a variation in the oxygen yield. The simple closed
box model can then be used to estimate the effective yield of
oxygen, ye f f . We briefly note that ye f f should be constant for
closed box evolution. In Fig. 10 (left panel), we compare the
observed relationship between gas content and metallicity with
the prediction from the closed-box model of chemical evolution,
adopting the observed average effective yield of ye f f = 10−2.6,
consistent with Pilyugin et al. (2004) and Pilyugin et al. (2007).
Though the mean trend of the galaxies follows the prediction of
the closed box model, there is obvious scatter in the Hi normal
galaxies. This is likely due to our inability to take into account
the molecular hydrogen in the gas fraction and also with our
choice of IMF used to calculate stellar masses; switching the
Salpter (1955) IMF with a Kroupa (2001) IMF would lower
our stellar masses by 0.2 dex. Additionally, some galaxies are
not well represented by the observed average effective yield.
In a study of the local M-Z relation for 53,000 local galaxies,
Tremonti et al. (2004) find an observed correlation between
baryonic mass and effective yield (see their Fig. 8), and interpret
the shape of the relation in terms of efficient galactic winds that
remove metals from low-mass galaxies (≤ 1010.5 M⊙). We note
that we do not observe the same trend between baryonic mass
and effective yield, most likely because our sample does not
span a large enough range in stellar mass, and we instead find
a constant average effective yield of ye f f = 10−2.6 with a 0.2 dex
scatter across the mass range. Our results are consistent with the
predictions of a closed-box model. However, Dalcanton (2007)
showed analytically that any change to the effective yield due to
gas flows may quickly be returned to the true yield expected by
closed-box evolution. Therefore, it may not be possible to draw
conclusions about closed-box evolution or the impact of inflows
or outflows by using measurements of the effective yields alone.
Despite this, our results apparently support a scenario in
which the M-Z relation is a consequence of a variation in the
star formation efficiency as a function of stellar mass (see e.g.,
Brooks et al. 2007). The idea that less massive systems are less
evolved compared to larger galaxies, due to the efficiency of star
formation being larger in more massive systems, has both obser-
vational (e.g Lequeux et al. 1979; Matteucci 1994; Boselli et al.
2001) and theoretical support from N-body simulations (e.g.
Mouhcine et al. 2008). Our results are most consistent with this
scenario; more massive galaxies typically have lower gas content
(see the middle panel of Fig. 10) and higher metallicities (Fig.
4), whereas less massive galaxies are still gas-rich and metal-
poor, suggesting that the lower mass systems are less efficient at
converting gas into stars which produce metals. In addition, the
ratio of the star formation rate to the gas mass, which provides
a measure of the galaxies current SF efficiency, correlates with
M∗ with a Spearman correlation coefficient of ρ = 0.41 (P(ρ)
> 99.9 %). The fact that more massive galaxies have lower gas
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fractions and higher present-day SF efficiencies (right panel of
Fig. 10) compared to lower mass systems is consistent with the
scenario where the M-Z relation arises from a mass-dependent
variation in the star formation efficiency. Thus, as a galaxy
evolves, these mass-dependent variations in SF efficiency govern
the conversion of gas into stars, which produce the observed
relations between gas content, stellar mass and metallicity.
For completeness in this discussion, we also note that a
variable integrated stellar initial mass function may also give
rise to the M-Z relation (Ko¨ppen et al. 2007). Whether the IMF
is universal for all environments has been the focus of recent
debate; a few studies have found indirect observational evidence
that the IMF may not be universal and instead vary as a function
of stellar mass, star formation activity or gas column density (e.g
Lee et al. 2004; Hoversten & Glazebrook 2008; Meurer et al.
2009). However, more direct approaches to measure the IMF in
the Milky Way and local galaxies support a universal IMF (e.g.
Massey et al. 1995; Scalo 1998; Selman & Melnick 2008). In a
recent study, we investigated the possibility of a variable IMF
by studying the high mass star formation activity of the HRS
late-type galaxies, using the Hα and the FUV luminosity as two
independent, direct tracers of star formation (Boselli et al. 2009).
Our results are consistent with a Kroupa (2001) and Salpeter
(1955) IMF in the high mass stellar range (> 2 M⊙), and we show
that slight variations in the IMF slope with mass can be due to the
different micro-histories of star formation in massive galaxies
with respect to dwarf systems and does not require a variable
IMF. However, at present we cannot exclude the possibility of a
variable IMF, since we still do not have a clear picture of whether
or not the function is universal (see e.g. Meurer 2011).
In an analytical study of the possible physical mechanisms
that could contribute towards the M-Z relation, Spitoni et al.
(2010) tested the cases of inflows and outflows of gas, variable
gas flow rates, and the variable IMF scenario proposed by
Ko¨ppen et al. (2007). They conclude that whilst galactic winds
and the variable IMF cannot be excluded as possible explana-
tions for the M-Z relation, the best solution could be a variable
efficiency of the star formation rate with a possible effect of out-
flowing gas in lower mass galaxies. Therefore, whilst at present
it is difficult to identify one particular mechanism giving rise to
the M-Z relation using the HRS sample, we find the most likely
interpretation is for a varying star formation efficiency between
high and low mass systems. In this scenario, the M-Z relation
arises out low mass galaxies being less efficient at converting gas
into metals compared to higher mass systems. Unfortunately, it
is not possible to analytically explore the case of increasing star
formation efficiency with increasing mass, since the SFR does
not appear in the solution of the closed-box model derived above.
This scenario has however recently been studied by Calura et al.
(2009), who find that the M-Z relation can be reproduced using
an increasing efficiency of star formation with mass in galaxies
of all morphological types, without any need to invoke inflows
of pristine gas or outflows of enriched gas that favour the loss of
metals in the less massive galaxies. Their findings successfully
predict the M-Z relation not just in the local universe, as studied
in this work, but also out to the high redshift universe.
We note that explaining the correlation between stellar mass
and gas content still poses a challenge for theoretical mod-
els, as the correlation must be tight in order to ensure a low
scatter in the M-Z relation. Using cosmological hydrodynamic
simulations, Dave´ et al. (2011) explore the effects of inflows,
outflows and star formation in governing the gas and metal
content. At z = 0, all their wind models predict a declining gas
fraction with increasing stellar mass for higher mass systems,
in agreement with observations. However, at lower masses this
trend shows a turnover to lower gas fractions with decreasing
stellar mass. Such behavior is not seen in our observations (see
also Cortese et al. 2011), nor in those from past studies (e.g.
Peeples & Shankar 2011). Thus, accurately explaining the M-
µ relation remains an important goal for future work, as this
will provide a constraint on the underlying physical processes
governing the stellar, gas and metal content. Since the dataset
presented in this paper will be useful for constraining models in
future studies on chemical evolution, we therefore provide for
the community the derived physical quantities of the 169 HRS
late-types that have metallicity estimates (see Table 3).
8. Conclusions
The aim of this work was to study the relationships between the
stellar mass, metallicity, and gas content of galaxies in different
environments. We used new optical, drift-scan spectroscopic
observations of the HRS galaxy sample to obtain reliable metal-
licity estimates by taking the average oxygen abundances from
five calibration methods. These measurements were combined
with ultraviolet to near-infrared photometry and Hi 21 cm line
observations to provide a multi-wavelength dataset capable of
tracing the stellar, gas and metal content.
We first demonstrated the reliability of our metallicity esti-
mates and found further consistency between the stellar mass
- metallicity relation observed in the HRS sample and those
relations found in previous studies. A correlation was observed
between the metal content and gas content of a galaxy, whereby
gas poor galaxies are typically metal rich. We have shown
that the removal of gas from the outskirts of spirals increases
the observed metallicity by ∼0.1 dex. We investigated whether
any environmental variation in the shape or the scatter in the
relationships could be present in the HRS sample, by looking
at the properties of galaxies interior and exterior to the Virgo
cluster. Although some cluster galaxies are gas-deficient ob-
jects, statistically the stellar-mass metallicity relation is nearly
invariant to the environment. Although we cannot rule out the
weak environmental trends reported by some recent studies (e.g.
Mouhcine et al. 2007; Ellison et al. 2009), we conclude that any
contribution by the environment is probably a secondary effect
and that the relations are most likely driven by internal processes.
Whilst at present it is difficult to identify one particular mecha-
nism giving rise to the M-Z relation, we find the most likely
interpretation of our results is that the M-Z relation originates
from a varying star formation efficiency between high and low
mass systems. Higher mass systems are able to convert their gas
into stars more efficiently, producing a lower gas content and
higher metal content with respect to lower mass galaxies.
The results presented here utilise PP04 O3N2 calibration as
the base metallicity; we note that the choice of calibrator to act
as the base metallicity does not affect the results or conclusions.
Often, only a systematic shift was observed between multiple
sets of results derived using different calibrations as the base
metallicity, which is expected due to the relationship between the
different calibrations. Since the same conclusions are reached
independently of the choice of calibration used, it is likely that
these conclusions are real and not spurious trends introduced
via the method of metallicity estimation. Finally, these results
are also based on relative measurements of the mean global
oxygen abundance. Fluctuations in the temperature and density
structures throughout Hii regions mean that even the ratio of
collisionally-excited emission lines may not be reliable. It is
possible that studies into diagnostic lines that are insensitive
13
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Fig. 10. Left:The oxygen abundance versus the logarithm of the gas fraction from observed galaxies compared with the prediction
of the closed-box model (solid black line) together with the 1σ limits (dashed black line). Middle: The logarithm of the gas fraction
versus the stellar mass. Right: The ratio of the SFR(NUV) to the mass of Hi versus the stellar mass. In all three plots, Hi normal and
Hi deficient galaxies are plotted as solid blue and open red circles, respectively.
to the temperature and density, such as metal recombination
lines (see e.g. Tsamis et al. 2003; Liu 2002), or IR fine structure
lines (e.g. Hunt et al. 2010), may help resolve the metallicity
discrepancy problem in the near future.
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Table 2. Oxygen abundance measurements for late-type galaxies. Column 1: galaxy designation.; Column 2: HRS designation.; Column 3,4: J2000
celestial coordinates.; Column 5: Balmer decrement.; Column 6: [Oii] flag, ‘.’/‘<’ for detected/undetected.; Column 7-11: Oxygen abundances from
five different calibrations in units of 12 + log (O/H).; Column 12-16: Oxygen abundances converted from five different calibrations converted into
the PP04 O3N2 base metallicity calibration, following the relations in KE08, in units of 12+log(O/H); Column 17: Mean metallicity.; Column
18: Error in metallicity.; Column 19: Number of calibrations used in the mean metallicity estimation.; Column 20: Reference for spectroscopy:
1 - Boselli et al. (2012), 2 - Gavazzi et al. (2004), 3 - Moustakas et al. (2010), 4 - Moustakas & Kennicutt (2006), 5 - Jansen et al. (2000), 6 -
Kennicutt (1992). See Section 3 for details.
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
CGCG 522-038 - 01 52 45.7 +36 37 07 1.10 < - - - - 8.71 - - - - 8.78 8.78 0.10 1 2
CGCG 522-041 - 01 52 53.7 +36 03 12 0.83 < - - - 8.69 8.62 - - - 8.69 8.68 8.68 0.01 2 2
CGCG 522-058 - 01 54 53.9 +36 55 05 0.90 < - - - - - - - - - - - - - 2
CGCG 522-060 - 01 54 57.8 +35 25 11 1.06 < - - - - 8.62 - - - - 8.68 8.68 0.10 1 2
CGCG 522-062 - 01 55 01.8 +06 55 12 0.62 < - - - 8.83 8.62 - - - 8.83 8.68 8.76 0.24 2 2
CGCG 522-065 - 01 55 14.0 +35 27 27 - < - - - - - - - - - - - - - 2
CGCG 522-072 - 01 56 21.3 +35 34 21 1.19 < - - - 8.64 8.51 - - - 8.64 8.56 8.60 0.12 2 2
CGCG 522-079 - 01 56 40.0 +35 35 29 1.20 < - - - - 8.59 - - - - 8.65 8.65 0.10 1 2
CGCG 119-016 - 08 14 14.0 +21 21 18 0.51 < - - - - - - - - - - - - - 2
CGCG 119-024 - 08 16 33.8 +21 24 34 - . - - - - - - - - - - - - - 2
CGCG 119-027 - 08 16 57.5 +20 30 44 - < - - - - - - - - - - - - - 2
CGCG 119-028 - 08 17 25.4 +21 09 48 0.71 . 8.26 - 8.43 8.21 8.21 8.28 - - 8.21 8.20 8.23 0.11 3 2
CGCG 119-029 - 08 17 25.8 +21 41 07 0.95 < - - - 8.72 8.64 - - - 8.72 8.71 8.71 0.01 2 2
CGCG 119-031 - 08 17 34.9 +20 54 10 - . - - - - - - - - - - - - - 2
CGCG 119-034 - 08 17 52.3 +21 06 37 0.93 < - - - 8.74 8.68 - - - 8.74 8.75 8.75 0.01 2 2
CGCG 119-035 - 08 17 56.8 +22 26 09 0.57 . 8.40 8.39 8.54 8.38 8.40 - - 8.31 8.38 8.43 8.37 0.11 3 2
CGCG 119-040 - 08 18 25.7 +20 47 15 - < - - - - - - - - - - - - - 2
CGCG 119-041 - 08 18 29.4 +20 45 40 1.63 < - - - 8.93 8.70 - - - 8.93 8.77 8.85 0.25 2 2
CGCG 119-043 - 08 18 49.1 +21 13 05 1.18 < - - - 8.61 8.54 - - - 8.61 8.60 8.60 0.01 2 2
CGCG 119-044 - 08 18 50.2 +22 06 56 1.32 . - - - 8.22 8.23 - - - 8.22 8.23 8.22 0.01 2 2
CGCG 119-046 - 08 19 01.8 +21 11 07 1.03 < - - - 8.61 8.66 - - - 8.61 8.72 8.67 0.17 2 2
CGCG 119-047 - 08 19 05.0 +21 47 27 0.77 < - - - 8.68 8.63 - - - 8.68 8.69 8.69 0.01 2 2
CGCG 119-048 - 08 19 10.6 +21 26 07 - . - - - - - - - - - - - - - 2
CGCG 119-050 - 08 19 12.8 +20 30 37 - < - - - - - - - - - - - - - 2
CGCG 119-051 - 08 19 13.0 +20 45 25 0.40 < - - - 8.46 8.42 - - - 8.46 8.45 8.46 0.01 2 2
CGCG 119-053 - 08 19 19.8 +21 03 31 0.15 < - - - 8.72 8.62 - - - 8.72 8.68 8.70 0.07 2 2
CGCG 119-054 - 08 19 32.0 +21 23 38 1.98 < - - - 8.73 8.63 - - - 8.73 8.69 8.71 0.05 2 2
CGCG 119-056 - 08 19 41.3 +22 02 30 1.21 . 8.74 - 8.46 8.32 8.29 - - - 8.32 8.31 8.31 0.01 2 2
CGCG 119-057 - 08 19 48.2 +22 01 53 - . - - - - - - - - - - - - - 2
CGCG 119-059 - 08 19 58.8 +21 03 58 0.10 < - - - 8.53 8.44 - - - 8.53 8.47 8.50 0.09 2 2
CGCG 119-061 - 08 20 10.7 +21 04 06 - < - - - - - - - - - - - - - 2
CGCG 119-063 - 08 20 23.5 +21 07 53 - . - - - - - - - - - - - - - 2
CGCG 119-065 - 08 20 35.6 +21 04 04 - . - - - - - - - - - - - - - 2
CGCG 119-066 - 08 20 51.6 +22 39 23 1.05 . 8.28 8.34 8.49 8.57 8.45 - - 8.27 8.57 8.49 8.43 0.27 3 2
CGCG 119-067 - 08 21 21.0 +20 52 02 - . - - - - - - - - - - - - - 2
CGCG 119-068 - 08 21 21.9 +20 54 39 0.75 < - - - 8.65 8.64 - - - 8.65 8.71 8.68 0.09 2 2
CGCG 119-071 - 08 22 01.4 +21 20 32 - < - - - - - - - - - - - - - 2
CGCG 119-074 - 08 22 43.4 +22 33 11 - . - - - - - - - - - - - - - 2
CGCG 119-078 - 08 23 11.3 +22 39 54 - . - - - - - - - - - - - - - 2
CGCG 119-081 - 08 23 41.3 +21 26 05 - . - - - - - - - - - - - - - 2
CGCG 119-082 - 08 23 55.2 +20 58 31 - . - - - - - - - - - - - - - 2
CGCG 119-083 - 08 24 01.5 +21 01 38 - < - - - - - - - - - - - - - 2
CGCG 119-085 - 08 24 20.2 +20 31 57 0.34 < - - - - - - - - - - - - - 2
CGCG 119-091 - 08 25 12.0 +20 20 04 - . - - - - - - - - - - - - - 2
Continued on next page. . .
16
T
.M
.H
ugh
es
et
al
.:Th
e
role
of
cold
g
as
and
enviro
n
m
ent
o
n
th
e
stellar
m
ass
-m
etallicity
relatio
n
Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
CGCG 119-109 - 08 27 41.9 +21 28 46 - < - - - - - - - - - - - - - 2
CGCG 123-035 1 10 17 39.6 +22 48 36 1.24 . - - 8.82 8.70 8.59 - - 8.57 8.70 8.65 8.64 0.11 3 1
UGC 5588 2 10 20 57.2 +25 21 54 0.83 . 8.63 8.76 8.77 8.68 8.60 8.45 8.47 8.51 8.68 8.66 8.55 0.19 5 1
NGC 3227 4 10 23 30.6 +19 51 54 - . - - - - - - - - - - - - - 6
IC 610 5 10 26 28.4 +20 13 39 - . - - - - - - - - - - - - - 1
UGC 5738 10 10 34 29.8 +35 15 24 0.51 . 8.64 8.73 8.73 8.54 8.51 8.46 8.44 8.48 8.54 8.56 8.49 0.09 5 1
NGC 3287 11 10 34 47.3 +21 38 52 0.79 . 8.70 8.82 8.78 8.63 8.56 8.54 8.53 8.53 8.63 8.61 8.57 0.09 5 1
CGCG 124-041 12 10 35 42.0 +26 07 33 0.46 . 8.55 8.62 8.59 8.45 8.40 8.35 8.33 8.35 8.45 8.43 8.38 0.10 5 1
NGC 3294 13 10 36 16.2 +37 19 28 1.31 . - - - 8.69 8.63 - - - 8.69 8.69 8.69 0.05 2 1
NGC 3346 16 10 43 38.9 +14 52 18 0.87 . - - - 8.69 8.62 - - - 8.69 8.68 8.68 0.01 2 1
NGC 3370 17 10 47 04.0 +17 16 25 0.48 . 8.70 8.81 8.78 8.57 8.54 8.53 8.51 8.53 8.57 8.60 8.55 0.06 5 1
NGC 3380 18 10 48 12.1 +28 36 06 1.15 . - - - - - - - - - - - - - 1
NGC 3381 19 10 48 24.8 +34 42 41 0.45 . 8.84 8.99 8.88 8.71 8.60 8.68 8.67 8.63 8.71 8.66 8.67 0.06 5 1
NGC 3395 20 10 49 50.1 +32 58 58 0.29 . 8.67 8.74 8.74 8.47 8.47 8.50 8.45 8.49 8.47 8.51 8.48 0.04 5 4
UGC 5958 21 10 51 15.8 +27 50 55 1.62 . - - - 8.56 8.50 - - - 8.56 8.54 8.55 0.01 2 1
NGC 3424 23 10 51 46.3 +32 54 02 2.01 . - - - - - - - - - - - - - 1
NGC 3430 24 10 52 11.4 +32 57 02 1.01 . - - 8.78 8.74 8.67 - - 8.52 8.74 8.74 8.66 0.22 3 1
NGC 3437 25 10 52 35.7 +22 56 04 0.92 . 8.84 8.97 8.92 8.66 8.64 8.68 8.66 8.66 8.66 8.71 8.67 0.03 5 1
UGC 5990 26 10 52 38.3 +34 28 59 0.86 . 8.50 8.57 8.61 8.50 8.45 8.26 8.28 8.36 8.50 8.49 8.37 0.19 5 1
NGC 3442 27 10 53 08.1 +33 54 37 0.35 . 8.84 8.98 8.90 8.64 8.62 8.68 8.66 8.65 8.64 8.68 8.66 0.03 5 4
NGC 3451 28 10 54 20.9 +27 14 23 0.19 . 8.91 9.07 8.91 8.68 8.54 8.74 8.73 8.66 8.68 8.60 8.68 0.10 5 1
NGC 3454 29 10 54 29.4 +17 20 38 0.37 . 8.82 8.95 8.83 8.57 8.50 8.67 8.64 8.58 8.57 8.54 8.60 0.09 5 1
NGC 3455 30 10 54 31.0 +17 17 05 0.83 . 8.26 8.31 8.60 8.61 8.57 - - 8.36 8.61 8.63 8.53 0.27 3 1
NGC 3448 31 10 54 39.0 +54 18 19 0.40 . 8.57 8.58 8.57 8.34 8.33 8.36 8.30 8.33 8.34 8.35 8.34 0.04 5 1
NGC 3457 32 10 54 48.6 +17 37 16 - . - - - - - - - - - - - - - 1
NGC 3485 33 11 00 02.4 +14 50 29 0.67 . - - 8.66 8.72 8.67 - - 8.41 8.72 8.74 8.61 0.33 3 1
NGC 3501 34 11 02 47.2 +17 59 21 - . - - - - - - - - - - - - - 1
NGC 3499 35 11 03 11.0 +56 13 18 - . - - - - - - - - - - - - - 5
NGC 3504 36 11 03 11.2 +27 58 21 0.76 . - - - - - - - - - - - - - 4
NGC 3512 37 11 04 02.9 +28 02 12 0.69 . - - 8.84 8.74 8.76 - - 8.59 8.74 8.84 8.72 0.22 3 1
NGC 3526 38 11 06 56.8 +07 10 28 0.77 . 8.35 8.36 8.43 8.40 8.37 - - 8.22 8.40 8.39 8.33 0.18 3 1
UGC 6169 39 11 07 03.3 +12 03 36 0.99 . - - - 8.57 8.53 - - - 8.57 8.58 8.57 0.01 2 1
NGC 3547 40 11 09 55.9 +10 43 15 0.36 . 8.71 8.80 8.77 8.52 8.50 8.55 8.51 8.52 8.52 8.54 8.53 0.02 5 1
NGC 3596 42 11 15 06.2 +14 47 13 0.80 . - - - - 8.68 - - - - 8.75 8.75 0.10 1 1
UGC 6320 44 11 18 17.2 +18 50 49 0.29 . 8.67 8.71 8.67 8.36 8.35 8.50 8.42 8.42 8.36 8.37 8.42 0.09 5 1
NGC 3629 47 11 20 31.8 +26 57 48 0.67 . 8.34 8.37 8.54 8.47 8.45 - - 8.30 8.47 8.49 8.41 0.18 3 1
NGC 3631 48 11 21 02.8 +53 10 10 0.77 . - - 8.79 8.70 8.64 - - 8.54 8.70 8.71 8.64 0.17 3 1
NGC 3655 50 11 22 54.6 +16 35 24 1.09 . - - 8.86 8.75 8.66 - - 8.61 8.75 8.72 8.69 0.13 3 1
NGC 3659 51 11 23 45.5 +17 49 07 0.79 . 8.68 8.79 8.75 8.59 8.51 8.51 8.50 8.49 8.59 8.56 8.53 0.07 5 1
NGC 3657 52 11 23 55.6 +52 55 16 1.30 . - - - - - - - - - - - - - 1
NGC 3666 53 11 24 26.1 +11 20 32 1.30 . - - 8.62 8.70 8.62 - - 8.38 8.70 8.68 8.58 0.32 3 1
NGC 3684 55 11 27 11.1 +17 01 48 0.95 . 8.77 8.91 8.87 8.72 8.66 8.61 8.60 8.62 8.72 8.72 8.65 0.11 5 1
NGC 3683 56 11 27 31.8 +56 52 37 1.17 . 8.79 8.93 8.89 8.71 8.68 8.63 8.62 8.64 8.71 8.75 8.67 0.10 5 1
NGC 3686 57 11 27 43.9 +17 13 27 0.73 . - - - - 8.66 - - - - 8.72 8.72 0.10 1 1
NGC 3691 58 11 28 09.4 +16 55 14 0.52 . 8.48 8.54 8.67 8.54 8.53 - 8.26 8.42 8.54 8.58 8.44 0.23 4 1
NGC 3692 59 11 28 24.0 +09 24 27 1.32 . - - - 8.64 8.68 - - - 8.64 8.75 8.69 0.18 2 1
NGC 3729 60 11 33 49.3 +53 07 32 1.57 . - - - - - - - - - - - - - 1
UGC 6575 61 11 36 26.5 +58 11 29 0.26 . 8.56 8.58 8.52 8.34 8.31 8.35 8.30 8.29 8.34 8.33 8.32 0.06 5 1
NGC 3755 62 11 36 33.3 +36 24 37 0.59 . 8.51 8.53 8.61 8.42 8.42 8.28 8.25 8.37 8.42 8.45 8.35 0.15 5 1
NGC 3756 63 11 36 48.0 +54 17 36 - . - - - - - - - - - - - - - 1
NGC 3795 64 11 40 06.7 +58 36 47 0.93 . 8.28 8.34 8.46 8.54 8.44 - - 8.25 8.54 8.47 8.41 0.27 3 5
NGC 3794 65 11 40 53.4 +56 12 07 0.42 . 8.56 8.60 8.58 8.40 8.37 8.36 8.32 8.34 8.40 8.39 8.36 0.06 5 1
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
NGC 3813 66 11 41 18.6 +36 32 48 1.00 . 8.50 8.59 8.70 8.61 8.57 8.27 8.31 8.45 8.61 8.63 8.44 0.29 5 1
CGCG 097-064 - 11 42 14.5 +20 05 49 - . - - - - - - - - - - - - - 2
CGCG 097-062 - 11 42 14.6 +19 58 32 0.71 < - - - 8.60 8.57 - - - 8.60 8.63 8.62 0.04 2 2
CGCG 097-063 - 11 42 15.5 +20 02 54 0.21 . 8.79 8.92 8.81 8.57 8.50 8.64 8.61 8.56 8.57 8.54 8.59 0.07 5 2
CGCG 097-068 - 11 42 24.4 +20 07 06 1.73 . 8.52 8.64 8.75 8.68 8.66 8.30 8.35 8.50 8.68 8.72 8.50 0.33 5 2
CGCG 097-073 - 11 42 56.4 +19 57 59 0.09 . - - - - - - - - - - - - - 2
CGCG 097-079 - 11 43 13.3 +20 00 16 0.09 . 8.67 8.73 8.66 8.40 8.37 8.49 8.44 8.41 8.40 8.39 8.43 0.07 5 2
CGCG 097-087 - 11 43 48.9 +19 58 08 0.49 . 8.55 8.59 8.69 8.45 8.48 8.34 8.31 8.44 8.45 8.53 8.41 0.16 5 2
CGCG 097-091 - 11 43 59.0 +20 04 37 0.89 . - - - - - - - - - - - - - 2
CGCG 097-088 - 11 43 59.5 +19 46 43 - . - - - - - - - - - - - - - 2
CGCG 097-097 - 11 44 00.8 +20 01 45 - . - - - - - - - - - - - - - 2
CGCG 097-093 - 11 44 01.8 +19 47 03 0.24 . 8.69 8.82 8.73 8.64 8.50 8.52 8.53 8.48 8.64 8.54 8.54 0.11 5 2
NGC 3846A 67 11 44 14.8 +55 02 05 0.21 . 8.51 8.55 8.52 8.39 8.35 8.29 8.26 8.29 8.39 8.37 8.32 0.10 5 1
CGCG 097-114 - 11 44 47.7 +19 46 23 0.93 . 8.79 8.93 8.78 8.66 8.48 8.63 8.62 8.53 8.66 8.53 8.59 0.12 5 2
CGCG 097-120 - 11 44 49.1 +19 47 41 2.71 < - - - - - - - - - - - - - 2
CGCG 097-122 - 11 44 52.3 +19 27 16 1.24 . 8.56 8.64 8.80 8.63 8.71 8.35 8.36 8.55 8.63 8.78 8.52 0.32 5 2
CGCG 097-125 - 11 44 54.8 +19 46 35 1.19 . 9.00 - 8.42 8.46 8.56 - - - 8.46 8.61 8.54 0.24 2 2
CGCG 097-123 - 11 44 55.8 +19 29 37 - . - - - - - - - - - - - - - 2
CGCG 097-129 - 11 45 03.8 +19 58 22 - < - - - - - - - - - - - - - 2
CGCG 097-138 - 11 45 44.7 +20 01 51 0.07 . 8.85 8.96 8.84 8.45 8.40 8.69 8.64 8.59 8.45 8.43 8.57 0.19 5 2
CGCG 127-049 - 11 45 48.8 +20 37 42 1.03 . 8.90 9.06 8.95 8.72 8.64 8.74 8.72 8.70 8.72 8.71 8.72 0.03 5 2
MRK 429 68 11 46 26.0 +34 51 07 0.51 . 8.51 8.47 8.53 8.27 8.29 8.29 8.19 8.29 8.27 8.31 8.27 0.08 5 1
NGC 3898 69 11 49 15.1 +56 05 05 - . - - - - - - - - - - - - - 1
IC 2969 70 11 52 30.1 -03 52 15 0.00 . - - 8.85 - 8.37 - - 8.60 - 8.39 8.50 0.17 2 1
NGC 3952 72 11 53 40.5 -03 59 45 0.64 . 8.24 - 8.42 8.25 8.25 8.27 - - 8.25 8.26 8.26 0.02 3 1
NGC 3953 73 11 53 48.9 +52 19 36 0.29 . 9.01 9.20 9.06 9.09 8.72 8.82 8.82 8.79 9.09 8.80 8.86 0.22 5 4
NGC 3982 74 11 56 28.1 +55 07 31 0.61 . 8.81 8.93 8.92 8.64 8.67 8.65 8.62 8.67 8.64 8.74 8.66 0.08 5 1
UGC 6919 75 11 56 37.5 +55 37 59 - . - - - - - - - - - - - - - 1
UGC 6923 76 11 56 49.4 +53 09 37 0.16 . 8.60 8.60 8.56 8.30 8.29 8.40 8.32 8.32 8.30 8.31 8.33 0.07 5 1
NGC 4030 77 12 00 23.6 -01 06 00 1.36 . - - - - 8.63 - - - - 8.69 8.69 0.10 1 1
NGC 4032 78 12 00 32.9 +20 04 28 0.68 . 8.86 8.97 8.88 8.45 8.42 8.70 8.65 8.63 8.45 8.45 8.58 0.20 5 1
NGC 4019 79 12 01 10.5 +14 06 13 0.23 . 8.86 8.93 8.90 8.33 8.31 8.70 8.62 8.65 8.33 8.33 8.54 0.33 5 1
NGC 4037 80 12 01 23.6 +13 24 03 1.15 . - - 8.53 - 8.60 - - 8.29 - 8.66 8.47 0.31 2 1
CGCG 013-046 81 12 02 41.9 +01 58 43 - . - - - - - - - - - - - - - 2
UGC 7035 83 12 03 40.1 +02 38 28 0.59 . 8.38 8.39 8.45 8.39 8.37 - - 8.24 8.39 8.39 8.34 0.15 3 1
CGCG 069-036 84 12 04 11.5 +10 51 16 1.30 . - - - - 8.72 - - - - 8.80 8.80 0.10 1 1
NGC 4100 85 12 06 08.5 +49 34 58 0.68 . 8.83 8.97 8.95 8.71 8.77 8.67 8.65 8.69 8.71 8.85 8.71 0.13 5 4
CGCG 041-041 86 12 07 37.2 +02 41 26 0.00 . - - - - 8.48 - - - - 8.53 8.53 0.10 1 1
CGCG 069-058 87 12 08 09.1 +10 22 45 - < - - - - - - - - - - - - - 2
CGCG 041-042 88 12 08 11.1 +02 52 42 0.65 . - - - 8.76 8.77 - - - 8.76 8.85 8.81 0.15 2 1
VCC 0001 - 12 08 20.0 +13 41 00 1.12 < - - - 8.78 8.54 - - - 8.78 8.60 8.69 0.29 2 2
VCC 0024 - 12 10 35.6 +11 45 38 0.93 < - - - 8.29 8.29 - - - 8.29 8.31 8.30 0.02 2 2
VCC 0025 - 12 10 37.3 +16 01 59 0.59 < - - - 8.65 8.62 - - - 8.65 8.68 8.66 0.04 2 2
VCC 0047 - 12 12 11.7 +13 14 47 - . - - 9.08 - - - - - - - - - - 2
VCC 0049 - 12 12 16.4 +13 12 23 - . - - - - - - - - - - - - - 2
VCC 0058 - 12 12 32.2 +12 07 25 0.35 . - - - - - - - - - - - - - 2
VCC 0066 89 12 12 46.2 +10 51 56 0.72 < - - - 8.44 8.42 - - - 8.44 8.45 8.45 0.02 2 2
NGC 4179 90 12 12 52.1 +01 17 59 - . - - - - - - - - - - - - - 1
VCC 0073 - 12 13 02.9 +07 02 19 1.23 < - - - 8.71 8.79 - - - 8.71 8.87 8.79 0.24 2 2
VCC 0087 - 12 13 40.9 +15 27 13 0.26 < - - - 8.38 8.29 - - - 8.38 8.31 8.34 0.11 2 2
VCC 0089 - 12 13 47.3 +13 25 30 0.86 < - - - 8.70 8.63 - - - 8.70 8.69 8.70 0.01 2 2
VCC 0092 91 12 13 48.2 +14 54 01 1.55 < - - - 8.73 8.72 - - - 8.73 8.80 8.76 0.10 2 2
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 0097 - 12 13 53.6 +13 10 22 - . - - - - - - - - - - - - - 2
VCC 0119 - 12 14 37.4 +12 48 47 0.58 < - - - 8.36 8.23 - - - 8.36 8.23 8.29 0.20 2 2
VCC 0131 92 12 15 04.4 +14 01 44 0.62 < - - - 8.66 8.59 - - - 8.66 8.65 8.65 0.02 2 2
VCC 0134 - 12 15 05.2 +13 35 41 0.79 < - - - 8.66 8.63 - - - 8.66 8.69 8.68 0.05 2 2
VCC 0142 - 12 15 13.1 +13 11 05 0.31 . 8.70 8.82 8.78 8.61 8.54 8.54 8.53 8.53 8.61 8.60 8.56 0.07 5 2
VCC 0145 94 12 15 16.7 +13 01 26 0.27 < - - - 8.59 8.51 - - - 8.59 8.56 8.57 0.03 2 2
VCC 0152 95 12 15 30.3 +09 35 08 1.52 < - - - 8.67 8.56 - - - 8.67 8.61 8.64 0.09 2 2
VCC 0157 96 12 15 39.2 +13 54 05 1.07 < - - - - 8.64 - - - - 8.71 8.71 0.10 1 2
VCC 0159 - 12 15 41.5 +08 17 07 - . - - - - - - - - - - - - - 2
VCC 0162 - 12 15 46.1 +10 41 53 0.11 . 8.07 - 8.43 8.30 8.21 8.14 - - 8.30 8.20 8.21 0.20 3 2
VCC 0167 97 12 15 54.2 +13 08 59 - < - - - - - - - - - - - - - 2
VCC 0187 98 12 16 22.7 +13 18 27 1.21 . 7.99 8.03 8.42 8.53 8.50 - - 8.22 8.53 8.54 8.42 0.33 3 2
VCC 0213 99 12 16 56.0 +13 37 32 0.42 . - - - 8.69 8.54 - - - 8.69 8.60 8.64 0.14 2 1
VCC 0220 - 12 17 06.5 +07 37 23 - . - - - - - - - - - - - - - 2
VCC 0221 - 12 17 08.6 +03 40 50 0.55 . 8.88 9.03 8.90 8.66 8.56 8.72 8.70 8.64 8.66 8.61 8.67 0.07 5 2
VCC 0226 100 12 17 11.3 +15 19 27 - . - - - - - - - - - - - - - 2
VCC 0228 - 12 17 16.4 +12 47 42 0.31 . 8.70 8.80 8.73 8.53 8.47 8.53 8.51 8.48 8.53 8.51 8.51 0.04 5 2
VCC 0307 102 12 18 49.4 +14 24 59 0.80 < - - - 8.77 8.63 - - - 8.77 8.69 8.73 0.12 2 2
VCC 0318 - 12 19 03.4 +08 51 22 0.36 < - - - 8.38 8.37 - - - 8.38 8.39 8.39 0.01 2 2
VCC 0324 - 12 19 09.9 +03 51 20 0.45 . 8.58 8.53 8.47 8.19 8.21 8.38 8.25 8.25 8.19 8.20 8.26 0.13 5 2
VCC 0334 - 12 19 14.1 +13 52 55 0.50 . 8.26 - 8.42 8.28 8.25 8.29 - - 8.28 8.26 8.28 0.03 3 2
VCC 0341 103 12 19 22.2 +06 05 55 - . - - - - - - - - - - - - - 1
VCC 0345 - 12 19 23.5 +05 49 32 - . - - - - - - - - - - - - - 2
VCC 0355 105 12 19 30.7 +14 52 38 - . - - - - - - - - - - - - - 2
VCC 0358 - 12 19 35.6 +05 50 47 - . - - - - - - - - - - - - - 2
VCC 0369 - 12 19 45.5 +12 47 57 - . - - - - - - - - - - - - - 2
VCC 0382 - 12 19 55.9 +05 20 34 0.14 . - - - - - - - - - - - - - 2
VCC 0386 - 12 20 03.7 +05 20 28 - . - - - - - - - - - - - - - 2
VCC 0393 106 12 20 07.4 +07 41 28 - . - - 8.98 - - - - - - - - - - 2
UGC 7387 107 12 20 17.3 +04 12 06 - . - - - - - - - - - - - - - 1
NGC 4287 108 12 20 48.4 +05 38 23 1.26 . - - - - 8.60 - - - - 8.66 8.66 0.10 1 1
NGC 4289 109 12 21 02.3 +03 43 20 - . - - - - - - - - - - - - - 1
VCC 0459 - 12 21 11.4 +17 38 18 0.31 . 8.57 - 8.45 8.26 8.28 - - - 8.26 8.28 8.27 0.04 2 2
VCC 0460 - 12 21 12.6 +18 22 56 - < - - - - - - - - - - - - - 2
VCC 0465 110 12 21 17.8 +11 30 31 0.11 . 8.76 8.85 8.73 8.43 8.37 8.61 8.55 8.48 8.43 8.39 8.50 0.15 5 2
VCC 0483 111 12 21 32.6 +14 36 22 - < - - - - - - - - - - - - - 2
VCC 0491 - 12 21 40.2 +11 30 09 0.11 . 8.59 8.61 8.59 8.34 8.33 8.40 8.33 8.35 8.34 8.35 8.35 0.04 5 2
VCC 0492 112 12 21 41.5 +05 23 05 - . - - - - - - - - - - - - - 1
VCC 0497 113 12 21 42.2 +14 35 51 - . - - - - - - - - - - - - - 2
VCC 0508 114 12 21 54.8 +04 28 24 0.69 . 8.86 8.99 8.97 8.77 8.72 8.70 8.67 8.71 8.77 8.80 8.73 0.09 5 2
UGC 7422 115 12 22 01.3 +05 06 00 - . - - - - - - - - - - - - - 1
VCC 0522 116 12 22 03.5 +12 44 27 - . - - - - - - - - - - - - - 2
VCC 0523 - 12 22 04.2 +12 47 12 - . - - - - - - - - - - - - - 2
VCC 0534 - 12 22 12.3 +07 08 38 - . - - - - - - - - - - - - - 2
VCC 0538 - 12 22 14.9 +07 09 51 - . - - - - - - - - - - - - - 2
VCC 0552 118 12 22 27.0 +04 34 00 0.11 . 8.52 8.49 8.45 8.28 8.28 8.29 8.21 8.24 8.28 8.28 8.26 0.06 5 2
VCC 0559 119 12 22 31.2 +15 32 14 - < - - - - - - - - - - - - - 2
VCC 0562 - 12 22 36.0 +12 09 28 0.28 . 8.12 - 8.43 8.18 8.18 8.18 - - 8.18 8.17 8.18 0.01 3 2
VCC 0576 121 12 22 42.2 +09 19 57 - . - - - - - - - - - - - - - 1
VCC 0596 122 12 22 54.8 +15 49 20 - < - - - 8.75 - - - - 8.75 - 8.75 0.10 1 1
VCC 0630 124 12 23 17.0 +11 22 07 - < - - - - - - - - - - - - - 2
VCC 0634 - 12 23 19.8 +15 49 10 - . - - - - - - - - - - - - - 2
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 0636 - 12 23 21.0 +15 52 04 - . - - - - - - - - - - - - - 2
VCC 0655 - 12 23 37.4 +17 32 28 1.08 . - - 8.77 8.78 8.53 - - 8.52 8.78 8.58 8.62 0.21 3 2
VCC 0656 127 12 23 38.8 +06 57 14 - < - - - - - - - - - - - - - 2
VCC 0664 - 12 23 44.3 +12 28 42 0.03 . 8.62 8.61 8.56 8.25 8.25 8.44 8.33 8.32 8.25 8.26 8.32 0.13 5 2
VCC 0667 128 12 23 48.4 +07 11 11 0.75 . - - 8.63 - 8.37 - - 8.38 - 8.39 8.39 0.01 2 2
VCC 0685 129 12 23 57.8 +16 41 38 - . - - - - - - - - - - - - - 2
VCC 0688 - 12 24 00.1 +07 47 05 2.52 . - - - - 8.23 - - - - 8.23 8.23 0.10 1 2
VCC 0692 130 12 24 01.3 +12 12 16 0.35 < - - - 8.64 8.54 - - - 8.64 8.60 8.62 0.06 2 2
VCC 0699 132 12 24 07.4 +06 36 26 0.09 . 8.79 8.88 8.84 8.47 8.47 8.63 8.58 8.59 8.47 8.51 8.56 0.11 5 2
NGC 4359 133 12 24 11.4 +31 31 18 1.09 . 8.69 - 8.42 8.44 8.44 - - - 8.44 8.47 8.46 0.04 2 1
VCC 0713 134 12 24 14.1 +08 32 03 - . - - - - - - - - - - - - - 2
VCC 0731 135 12 24 27.8 +07 19 04 - . - - - - - - - - - - - - - 2
VCC 0758 136 12 24 54.7 +07 26 38 - . - - - - - - - - - - - - - 2
VCC 0759 137 12 24 55.0 +11 42 16 - . - - - - - - - - - - - - - 2
VCC 0762 - 12 25 02.8 +07 30 23 - . - - - - - - - - - - - - - 2
VCC 0781 - 12 25 14.7 +12 42 53 - . - - - - - - - - - - - - - 2
VCC 0787 139 12 25 18.1 +05 44 27 0.09 . 8.82 8.93 8.85 8.50 8.47 8.66 8.62 8.60 8.50 8.51 8.58 0.12 5 2
VCC 0792 141 12 25 22.0 +10 01 01 - < - - - - - - - - - - - - - 2
VCC 0794 - 12 25 22.0 +16 25 47 - . - - - - - - - - - - - - - 2
VCC 0798 - 12 25 24.2 +18 11 23 - . - - - - - - - - - - - - - 2
VCC 0801 142 12 25 25.4 +16 28 12 0.31 . 8.76 8.86 8.82 8.54 8.53 8.60 8.56 8.57 8.54 8.58 8.57 0.03 5 2
VCC 0809 - 12 25 33.1 +12 15 36 1.01 < - - - 8.52 8.45 - - - 8.52 8.49 8.50 0.04 2 2
VCC 0828 - 12 25 41.6 +12 48 41 - . - - - - - - - - - - - - - 2
CGCG 014-034 - 12 25 42.6 +00 34 20 0.64 . 8.88 9.03 8.83 8.59 8.44 8.72 8.70 8.58 8.59 8.47 8.62 0.18 5 2
VCC 0827 143 12 25 42.7 +07 12 55 0.52 . 8.37 8.37 8.56 8.41 8.44 - - 8.32 8.41 8.47 8.40 0.13 3 2
VCC 0836 144 12 25 46.6 +12 39 40 0.74 . - - - - - - - - - - - - - 2
VCC 0841 - 12 25 47.4 +14 57 12 0.71 . 8.68 8.74 8.61 8.37 8.31 8.51 8.45 8.36 8.37 8.33 8.41 0.14 5 2
VCC 0849 145 12 25 50.5 +10 27 32 0.68 . 8.28 8.30 8.53 8.51 8.47 - - 8.29 8.51 8.51 8.43 0.22 3 2
VCC 0848 - 12 25 52.6 +05 48 36 0.32 . 8.61 8.62 8.62 8.33 8.33 8.42 8.34 8.37 8.33 8.35 8.36 0.06 5 2
VCC 0851 146 12 25 54.1 +07 33 13 1.04 < - - - 8.55 8.50 - - - 8.55 8.54 8.55 0.01 2 2
VCC 0857 - 12 25 55.6 +18 12 49 - . - - - - - - - - - - - - - 2
VCC 0859 147 12 25 58.4 +03 25 49 - . - - - - - - - - - - - - - 1
VCC 0865 148 12 25 59.1 +15 40 12 0.73 . 8.38 8.36 8.55 8.49 8.42 - - 8.31 8.49 8.45 8.41 0.16 3 2
VCC 0874 - 12 26 07.1 +16 10 51 2.57 < - - - - 8.60 - - - - 8.66 8.66 0.10 1 2
VCC 0873 149 12 26 07.3 +13 06 43 2.06 < - - - - 8.62 - - - - 8.68 8.68 0.10 1 2
VCC 0905 - 12 26 29.1 +08 52 16 0.61 . 9.00 - 8.42 8.57 8.54 - - - 8.57 8.60 8.59 0.03 2 2
VCC 0912 151 12 26 32.1 +12 36 39 1.16 < - - - - 8.62 - - - - 8.68 8.68 0.10 1 2
VCC 0921 152 12 26 35.8 +03 57 56 0.74 . - - 8.83 8.75 8.74 - - 8.58 8.75 8.81 8.71 0.21 3 2
VCC 0938 153 12 26 46.6 +07 55 07 0.74 . 8.66 8.80 8.79 8.77 8.62 8.48 8.50 8.53 8.77 8.68 8.59 0.22 5 2
VCC 0939 154 12 26 47.2 +08 53 03 0.56 . 8.23 8.28 8.54 8.63 8.51 - - 8.31 8.63 8.56 8.49 0.30 3 2
VCC 0945 - 12 26 51.0 +13 10 32 - . - - - - - - - - - - - - - 2
VCC 0950 - 12 26 51.3 +11 33 16 - . - - 8.80 - - - - - - - - - - 2
VCC 0951 - 12 26 54.3 +11 40 06 - . - - - - - - - - - - - - - 2
VCC 0958 156 12 26 56.3 +15 02 48 - < - - - - - - - - - - - - - 2
VCC 0957 157 12 26 58.5 +02 29 42 0.52 . 8.78 8.90 8.82 8.59 8.53 8.62 8.59 8.57 8.59 8.58 8.59 0.03 5 2
VCC 0973 - 12 27 08.7 +16 19 33 1.16 . - - 8.43 8.57 8.59 - - - 8.57 8.65 8.61 0.12 2 2
VCC 0971 158 12 27 08.9 +05 52 48 0.44 . 8.48 - 8.44 8.31 8.28 - - - 8.31 8.28 8.30 0.04 2 2
VCC 0975 - 12 27 11.0 +07 15 47 - . - - 8.73 - - - - - - - - - - 2
VCC 0980 - 12 27 11.2 +15 53 50 0.47 . 8.52 - 8.42 8.37 8.35 - - - 8.37 8.37 8.37 2.43 2 2
VCC 0979 159 12 27 11.6 +09 25 15 0.75 . - - - - - - - - - - - - - 2
VCC 0984 - 12 27 13.3 +12 44 05 - . - - - - - - - - - - - - - 2
VCC 0995 - 12 27 21.5 +10 51 55 0.73 . 8.77 - 8.56 8.13 8.15 - - - 8.13 8.13 8.13 0.00 2 2
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 1002 160 12 27 26.3 +06 15 44 1.30 . - - 8.66 - 8.71 - - 8.41 - 8.78 8.58 0.32 2 2
VCC 1003 161 12 27 26.3 +11 06 29 - < - - - - - - - - - - - - - 2
VCC 1010 - 12 27 26.6 +12 17 27 - . - - - - - - - - - - - - - 2
VCC 1018 - 12 27 32.8 +06 13 54 0.15 . - - - - - - - - - - - - - 2
VCC 1028 - 12 27 38.3 +14 27 24 - . - - - - - - - - - - - - - 2
VCC 1030 162 12 27 40.4 +13 04 44 - . - - - - - - - - - - - - - 2
VCC 1036 - 12 27 42.2 +12 18 54 - . - - - - - - - - - - - - - 2
VCC 1043 163 12 27 45.5 +13 00 31 - < - - - - - - - - - - - - - 2
VCC 1047 164 12 27 53.5 +12 17 35 - . - - - - - - - - - - - - - 2
UGC 7579 165 12 27 55.4 +05 43 16 1.07 . 8.12 8.17 8.42 8.51 8.45 - - 8.22 8.51 8.49 8.40 0.29 3 1
VCC 1062 166 12 28 03.6 +09 48 17 - . - - - - - - - - - - - - - 2
VCC 1068 - 12 28 06.2 +12 04 42 - . - - - - - - - - - - - - - 2
VCC 1073 - 12 28 08.5 +12 05 35 - . - - - - - - - - - - - - - 2
VCC 1086 167 12 28 16.0 +09 26 10 - < - - - - - - - - - - - - - 2
VCC 1091 168 12 28 18.7 +08 43 46 0.37 . 8.27 - 8.42 8.29 8.28 8.29 - - 8.29 8.28 8.29 0.00 3 2
IC 3391 169 12 28 27.3 +18 24 54 1.90 . - - - 8.28 8.37 - - - 8.28 8.39 8.34 0.17 2 1
VCC 1110 170 12 28 29.2 +17 05 06 - < - - - - - - - - - - - - - 2
VCC 1107 - 12 28 30.2 +07 19 30 - . - - - - - - - - - - - - - 2
VCC 1118 171 12 28 40.5 +09 15 32 0.91 . - - 8.81 8.78 8.60 - - 8.56 8.78 8.66 8.66 0.19 3 2
VCC 1126 172 12 28 43.3 +14 59 58 - . - - - - - - - - - - - - - 1
VCC 1125 - 12 28 43.3 +11 45 20 - . - - - - - - - - - - - - - 2
VCC 1146 - 12 28 57.5 +13 14 31 - . - - - - - - - - - - - - - 2
VCC 1145 173 12 28 59.2 +03 34 16 - < - - - - - - - - - - - - - 2
VCC 1154 174 12 29 00.0 +13 58 45 - . - - - - - - - - - - - - - 2
VCC 1158 175 12 29 03.0 +13 11 01 - . - - - - - - - - - - - - - 2
VCC 1189 - 12 29 28.8 +06 46 12 0.53 . 8.41 8.45 8.55 8.47 8.44 - 8.17 8.31 8.47 8.47 8.34 0.23 4 2
VCC 1192 - 12 29 30.3 +07 59 38 - . - - - - - - - - - - - - - 2
VCC 1193 - 12 29 30.5 +07 41 48 0.63 . 8.60 8.70 8.70 8.56 8.50 8.42 8.42 8.45 8.56 8.54 8.47 0.12 5 2
VCC 1196 - 12 29 31.2 +14 02 58 - . - - - - - - - - - - - - - 2
VCC 1200 - 12 29 34.5 +10 47 37 - . - - - - - - - - - - - - - 2
VCC 1203 - 12 29 37.3 +07 56 01 - . - - - - - - - - - - - - - 2
VCC 1205 177 12 29 37.8 +07 49 24 0.51 . 8.65 8.76 8.74 8.62 8.53 8.47 8.47 8.48 8.62 8.58 8.52 0.12 5 2
VCC 1217 - 12 29 42.5 +11 24 04 - . - - - - - - - - - - - - - 2
VCC 1226 178 12 29 46.8 +08 00 00 - . - - - - - - - - - - - - - 2
VCC 1231 179 12 29 48.8 +13 25 45 - . - - - - - - - - - - - - - 2
VCC 1242 - 12 29 53.3 +14 04 05 - . - - - - - - - - - - - - - 2
VCC 1253 180 12 30 02.3 +13 38 10 - . - - - - - - - - - - - - - 2
VCC 1254 - 12 30 05.3 +08 04 28 - . - - - - - - - - - - - - - 2
VCC 1283 - 12 30 18.4 +13 34 40 - . - - - - - - - - - - - - - 2
VCC 1290 182 12 30 26.4 +04 14 52 0.18 . 9.01 9.20 9.03 8.71 8.50 8.82 8.82 8.76 8.71 8.54 8.74 0.20 5 2
VCC 1297 - 12 30 31.8 +12 29 25 - . - - - - - - - - - - - - - 2
VCC 1316 183 12 30 49.4 +12 23 28 - . - - - - - - - - - - - - - 2
VCC 1326 184 12 30 57.1 +11 28 59 - . - - - - - - - - - - - - - 2
VCC 1327 - 12 30 57.7 +12 16 16 - . - - - - - - - - - - - - - 2
VCC 1330 185 12 30 59.5 +08 04 39 - . - - - - - - - - - - - - - 2
VCC 1348 - 12 31 15.7 +12 19 54 - . - - - - - - - - - - - - - 2
VCC 1356 - 12 31 22.9 +11 29 34 0.30 . 8.38 - 8.47 8.19 8.18 8.37 - - 8.19 8.17 8.25 0.28 3 2
VCC 1368 - 12 31 32.7 +11 37 36 - . - - - - - - - - - - - - - 2
VCC 1375 187 12 31 39.2 +03 56 22 0.38 . - - - 8.62 8.54 - - - 8.62 8.60 8.61 0.04 2 1
VCC 1379 188 12 31 39.6 +16 51 07 0.17 < - - - 8.70 8.54 - - - 8.70 8.60 8.65 0.16 2 2
VCC 1393 189 12 31 54.6 +15 07 26 0.47 . - - 8.77 8.69 8.53 - - 8.51 8.69 8.58 8.59 0.14 3 2
VCC 1401 190 12 31 58.9 +14 25 09 2.12 < - - - - 8.70 - - - - 8.77 8.77 0.10 1 2
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 1410 191 12 32 03.2 +16 41 14 0.18 < - - - 8.48 8.44 - - - 8.48 8.47 8.48 0.01 2 2
VCC 1411 - 12 32 04.8 +11 49 02 - . - - - - - - - - - - - - - 2
VCC 1412 - 12 32 06.1 +11 10 34 - . - - - - - - - - - - - - - 2
VCC 1419 192 12 32 10.4 +13 25 09 - < - - - - - - - - - - - - - 2
VCC 1426 - 12 32 22.8 +11 53 38 - . - - - - - - - - - - - - - 2
VCC 1448 - 12 32 40.8 +12 46 13 - . - - - - - - - - - - - - - 2
VCC 1450 193 12 32 41.9 +14 02 56 0.07 < - - - 8.64 8.51 - - - 8.64 8.56 8.60 0.12 2 2
CGCG 014-063 194 12 32 45.4 +00 06 43 0.87 < - - - 8.53 8.48 - - - 8.53 8.53 8.53 2.84 2 2
NGC 4516 195 12 33 07.5 +14 34 30 - . - - - - - - - - - - - - - 1
VCC 1486 - 12 33 09.9 +11 20 49 1.21 . - - 8.49 8.44 8.29 - - - 8.44 8.31 8.38 0.21 2 2
VCC 1491 - 12 33 13.9 +12 51 27 - . - - - - - - - - - - - - - 2
VCC 1499 - 12 33 19.7 +12 51 11 - . - - - - - - - - - - - - - 2
VCC 1508 196 12 33 30.1 +08 39 16 0.65 . 8.42 8.46 8.60 8.48 8.47 - 8.18 8.35 8.48 8.51 8.37 0.25 4 2
VCC 1516 197 12 33 39.7 +09 10 30 1.57 . - - 8.42 8.65 8.64 - - 8.22 8.65 8.71 8.51 0.48 3 2
VCC 1524 - 12 33 47.7 +15 10 01 0.16 . 8.82 8.94 8.73 8.44 8.33 8.67 8.63 8.48 8.44 8.35 8.52 0.23 5 2
NGC 4525 198 12 33 51.1 +30 16 38 0.86 . - - - 8.55 8.48 - - - 8.55 8.53 8.54 0.02 2 1
VCC 1532 199 12 33 56.7 +15 21 16 0.71 . - - 8.71 8.72 8.57 - - 8.46 8.72 8.63 8.60 0.23 3 2
VCC 1540 201 12 34 08.4 +02 39 11 1.92 < - - - - 8.74 - - - - 8.81 8.81 0.10 1 2
VCC 1552 - 12 34 15.7 +13 04 29 - < - - - - - - - - - - - - - 2
VCC 1554 203 12 34 19.3 +06 28 07 0.36 . 8.56 8.57 8.53 8.33 8.31 8.35 8.29 8.30 8.33 8.33 8.32 0.05 5 2
VCC 1555 204 12 34 20.3 +08 11 52 1.22 . - - - - 8.70 - - - - 8.77 8.77 0.10 1 1
VCC 1562 205 12 34 27.0 +02 11 17 1.31 . - - - 8.63 8.70 - - - 8.63 8.77 8.70 0.21 2 1
VCC 1569 - 12 34 31.6 +13 30 13 0.53 . 8.57 - 8.51 8.24 8.18 - - - 8.24 8.17 8.20 0.10 2 2
VCC 1575 206 12 34 39.2 +07 09 38 0.67 < - - - 8.89 8.59 - - - 8.89 8.65 8.77 0.39 2 2
VCC 1581 - 12 34 44.9 +06 18 07 0.47 . - - 8.45 8.32 8.12 - - - 8.32 8.09 8.20 0.36 2 2
VCC 1588 207 12 34 50.4 +15 33 05 1.52 < - - - - 8.60 - - - - 8.66 8.66 0.10 1 2
VCC 1593 - 12 34 55.8 +15 33 56 0.39 . 8.78 8.90 8.91 8.62 8.68 8.63 8.59 8.66 8.62 8.75 8.65 0.11 5 2
VCC 1615 208 12 35 26.3 +14 29 48 - < - - - - - - - - - - - - - 2
VCC 1619 210 12 35 30.8 +12 13 16 - < - - - - - - - - - - - - - 2
VCC 1630 - 12 35 38.1 +12 15 55 - . - - - - - - - - - - - - - 2
VCC 1632 211 12 35 39.8 +12 33 25 - . - - - - - - - - - - - - - 2
NGC 4561 212 12 36 08.3 +19 19 20 0.17 . 8.65 8.67 8.61 8.31 8.29 8.48 8.39 8.36 8.31 8.31 8.37 0.12 5 1
VCC 1673 215 12 36 32.6 +11 15 28 1.66 < - - - - 8.59 - - - - 8.65 8.65 0.10 1 2
VCC 1676 216 12 36 34.1 +11 14 19 1.53 < - - - 8.84 8.63 - - - 8.84 8.69 8.77 0.22 2 2
VCC 1675 - 12 36 34.6 +08 03 17 0.37 < - - - 8.42 8.37 - - - 8.42 8.39 8.41 0.03 2 2
VCC 1678 - 12 36 37.6 +06 37 16 0.41 . 8.31 - 8.42 8.30 8.28 8.32 - - 8.30 8.28 8.30 0.05 3 2
VCC 1683 - 12 36 38.3 +10 56 29 - . - - - - - - - - - - - - - 2
VCC 1686 - 12 36 43.5 +13 15 31 0.92 . 8.86 - 8.43 8.44 8.44 - - - 8.44 8.47 8.46 0.05 2 2
VCC 1690 217 12 36 49.7 +13 09 45 - < - - - - - - - - - - - - - 2
VCC 1699 - 12 37 02.2 +06 55 30 0.02 . 8.56 8.40 8.78 8.20 8.29 8.36 8.12 8.53 8.20 8.31 8.30 0.36 5 2
VCC 1725 - 12 37 41.5 +08 33 31 0.06 . 8.70 8.73 8.71 8.33 8.33 8.53 8.44 8.46 8.33 8.35 8.43 0.14 5 2
VCC 1727 220 12 37 43.4 +11 49 04 - < - - - - - - - - - - - - - 2
VCC 1726 - 12 37 45.0 +07 06 22 0.06 . 8.82 8.93 - - - - 8.62 - - - 8.62 0.12 1 2
VCC 1730 221 12 37 48.6 +05 22 06 - < - - - - - - - - - - - - - 2
VCC 1757 222 12 38 17.7 +13 06 35 - < - - - - - - - - - - - - - 2
VCC 1758 223 12 38 20.8 +07 53 28 0.83 . 8.55 - 8.49 8.31 8.21 - - - 8.31 8.20 8.26 0.17 2 2
VCC 1760 224 12 38 28.4 +04 19 09 - . - - - - - - - - - - - - - 1
IC 3611 225 12 39 04.1 +13 21 49 0.85 . 8.08 8.07 8.64 8.60 8.70 - - 8.39 8.60 8.77 8.58 0.32 3 1
NGC 4592 227 12 39 18.7 -00 31 55 0.48 . 8.33 8.35 8.42 8.41 8.37 - - 8.22 8.41 8.39 8.33 0.19 3 1
VCC 1789 - 12 39 21.3 +04 56 19 0.20 . 8.95 9.11 - - - - 8.76 - - - 8.76 0.12 1 2
VCC 1791 - 12 39 24.5 +07 57 52 0.60 . 8.24 8.15 - - - - - - - - - - - 2
IC 3631 229 12 39 48.0 +12 58 26 - . - - - - - - - - - - - - - 1
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 1811 230 12 39 51.6 +15 17 53 0.78 < - - - 8.61 8.56 - - - 8.61 8.61 8.61 0.00 2 2
VCC 1813 231 12 39 55.8 +10 10 34 - . - - - - - - - - - - - - - 2
VCC 1859 232 12 40 57.4 +11 54 41 - < - - - - - - - - - - - - - 2
VCC 1868 233 12 41 12.2 +11 53 08 2.04 < - - - - 8.64 - - - - 8.71 8.71 0.10 1 2
VCC 1869 234 12 41 13.5 +10 09 22 - . - - - - - - - - - - - - - 2
VCC 1903 236 12 42 02.4 +11 38 48 - . - - - - - - - - - - - - - 2
VCC 1918 - 12 42 18.1 +05 44 21 - . - - - - - - - - - - - - - 2
VCC 1923 237 12 42 31.1 +03 57 37 0.50 . - - 8.85 8.79 8.56 - - 8.60 8.79 8.61 8.66 0.16 3 1
CGCG 014-110 - 12 42 31.9 -00 04 57 - . - - 8.70 - - - - - - - - - - 2
NGC 4629 238 12 42 32.6 -01 21 02 0.75 . 8.39 8.38 8.42 8.36 8.33 - - 8.22 8.36 8.35 8.30 0.14 3 1
VCC 1929 - 12 42 37.1 +14 21 22 0.52 . 8.34 8.38 8.51 8.48 8.44 - - 8.28 8.48 8.47 8.41 0.20 3 2
VCC 1932 239 12 42 40.8 +14 17 46 1.36 < - - - 8.70 8.70 - - - 8.70 8.77 8.73 0.11 2 2
VCC 1938 240 12 42 47.6 +11 26 34 - . - - - - - - - - - - - - - 2
VCC 1943 242 12 42 52.3 +13 15 26 1.74 . - - - - - - - - - - - - - 2
VCC 1970 - 12 43 29.1 +10 05 34 - . - - - - - - - - - - - - - 2
VCC 1972 244 12 43 32.2 +11 34 54 1.06 < - - - - 8.56 - - - - 8.61 8.61 0.10 1 2
VCC 1978 245 12 43 39.5 +11 33 09 - . - - - - - - - - - - - - - 2
CGCG 100-004 246 12 43 42.4 +16 23 34 0.88 < - - - 8.72 8.70 - - - 8.72 8.77 8.75 0.07 2 2
VCC 1987 247 12 43 56.7 +13 07 34 0.54 < - - - 8.68 8.57 - - - 8.68 8.63 8.65 0.07 2 2
VCC 1992 - 12 44 10.0 +12 06 59 0.10 . 8.70 8.76 - - - - 8.47 - - - 8.47 0.12 1 2
VCC 1999 - 12 44 29.3 +13 29 53 - . - - - - - - - - - - - - - 2
VCC 2000 248 12 44 32.3 +11 11 26 - . - - - - - - - - - - - - - 2
VCC 2006 249 12 44 45.9 +12 21 11 - . - - - - - - - - - - - - - 2
NGC 4665 250 12 45 06.0 +03 03 21 0.88 . 8.80 8.94 8.91 8.67 8.71 8.64 8.63 8.66 8.67 8.78 8.67 0.10 5 4
NGC 4668 252 12 45 31.9 -00 32 08 0.67 . 8.71 - 8.43 8.38 8.39 - - - 8.38 8.41 8.40 0.04 2 1
VCC 2033 - 12 46 04.7 +08 28 30 0.15 . 8.65 8.70 8.54 8.36 8.29 8.47 8.42 8.30 8.36 8.31 8.37 0.14 5 2
VCC 2037 - 12 46 15.3 +10 12 21 0.44 . 8.35 - 8.44 8.33 8.25 8.35 - - 8.33 8.26 8.31 0.12 3 2
VCC 2058 254 12 47 45.3 +13 45 48 1.71 < - - - - 8.60 - - - - 8.66 8.66 0.10 1 2
VCC 2066 - 12 48 15.0 +10 59 06 - < - - - - - - - - - - - - - 2
CCC 45 - 12 48 22.8 -41 07 24 - . - - - - - - - - - - - - - 2
VCC 2070 257 12 48 22.9 +08 29 13 - . - - - - - - - - - - - - - 2
CGCG 043-034 259 12 49 11.8 +03 23 24 0.89 . 8.37 8.42 8.59 8.54 8.50 - 8.14 8.35 8.54 8.54 8.38 0.31 4 2
CCC 94 - 12 49 25.4 -41 25 46 - . - - - - - - - - - - - - - 2
CCC 95 - 12 49 26.1 -41 29 23 - . - - - - - - - - - - - - - 2
CCC 96 - 12 49 26.6 -41 27 47 - . - - - - - - - - - - - - - 2
CGCG 100-011 260 12 49 38.8 +15 09 55 - < - - - - - - - - - - - - - 2
UGC 7982 261 12 49 50.2 +02 51 05 0.36 . - - - - 8.54 - - - - 8.60 8.60 0.10 1 1
CCC 119 - 12 49 51.5 -41 13 34 - . - - - - - - - - - - - - - 2
CCC 122 - 12 49 54.1 -41 16 46 - . - - - - - - - - - - - - - 2
CGCG 043-041 262 12 49 57.9 +05 18 41 0.08 . 8.58 8.66 8.66 8.49 8.45 8.39 8.37 8.41 8.49 8.49 8.43 0.10 5 1
NGC 4725 263 12 50 26.6 +25 30 03 - . - - - - - - - - - - - - - 3
UGC 7991 264 12 50 38.9 +01 27 52 1.64 . - - - - 8.42 - - - - 8.45 8.45 0.10 1 1
NGC 4720 265 12 50 42.8 -04 09 21 0.35 . 8.58 8.60 8.60 8.36 8.35 8.38 8.32 8.35 8.36 8.37 8.36 0.04 5 1
NGC 4731 266 12 51 00.8 -06 23 28 0.53 . 8.64 8.74 8.70 8.55 8.48 8.46 8.45 8.45 8.55 8.53 8.48 0.08 5 1
VCC 2087 - 12 51 06.8 +10 54 44 - . - - - - - - - - - - - - - 2
NGC 4747 267 12 51 45.9 +25 46 37 0.78 . 8.68 8.75 8.74 8.45 8.45 8.51 8.46 8.49 8.45 8.49 8.48 0.04 5 1
CGCG 071-060 268 12 51 55.1 +12 05 00 0.97 . 8.26 8.31 8.65 8.57 8.63 - - 8.40 8.57 8.69 8.55 0.25 3 2
CCC 222 - 12 52 12.8 -41 20 20 1.55 . - - 8.74 - 8.67 - - 8.49 - 8.74 8.61 0.21 2 2
CCC 226 - 12 52 15.9 -41 23 26 - . - - - - - - - - - - - - - 2
VCC 2092 269 12 52 17.6 +11 18 48 - . - - - - - - - - - - - - - 2
NGC 4753 270 12 52 22.0 -01 11 59 - . - - - - - - - - - - - - - 1
NGC 4758 271 12 52 44.1 +15 50 55 1.00 . 8.60 - 8.42 8.49 8.38 - - - 8.49 8.41 8.45 0.13 2 5
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
VCC 2095 272 12 52 55.9 +11 13 50 - . - - - - - - - - - - - - - 2
CGCG 015-031 273 12 53 21.2 +01 16 09 2.19 . - - - - 8.63 - - - - 8.69 8.69 0.10 1 1
CGCG 015-032 274 12 53 29.2 +02 10 06 - . - - - - - - - - - - - - - 1
NGC 4775 275 12 53 45.7 -06 37 20 0.00 . - - 8.78 - 8.46 - - 8.53 - 8.50 8.52 0.02 2 6
NGC 4791 277 12 54 43.9 +08 03 10 - . - - - - - - - - - - - - - 1
UGC 8032 278 12 54 44.1 +13 14 14 - . - - - - - - - - - - - - - 1
CGCG 043-066 280 12 55 15.5 +02 53 48 1.16 . - - - - 8.68 - - - - 8.75 8.75 0.10 1 1
UGC 8045 281 12 55 23.5 +07 54 35 0.86 . - - 8.59 8.61 8.54 - - 8.35 8.61 8.60 8.51 0.26 3 1
NGC 4803 282 12 55 33.7 +08 14 25 - . - - - - - - - - - - - - - 1
CGCG 043-071 283 12 55 49.5 +04 18 14 0.67 . 8.61 8.70 8.83 8.65 8.72 8.42 8.42 8.58 8.65 8.80 8.56 0.28 5 2
CGCG 160-020 - 12 56 06.0 +27 40 39 0.05 . 8.87 9.01 8.87 8.53 8.45 8.71 8.68 8.61 8.53 8.49 8.61 0.16 5 2
CGCG 160-026 - 12 56 28.5 +27 17 29 0.55 . - - 8.83 8.67 8.54 - - 8.58 8.67 8.60 8.61 0.07 3 2
IC 3908 284 12 56 40.2 -07 33 27 1.99 . - - - 8.68 8.67 - - - 8.68 8.74 8.71 0.09 2 1
CGCG 015-049 285 12 58 01.2 +01 34 33 - . - - - - - - - - - - - - - 1
CGCG 160-055 - 12 58 05.5 +28 14 32 0.45 < - - - 8.73 8.77 - - - 8.73 8.85 8.79 0.20 2 2
CGCG 160-058 - 12 58 09.4 +28 42 29 1.16 . - - 8.70 8.71 8.60 - - 8.45 8.71 8.66 8.60 0.24 3 2
CGCG 160-064 - 12 58 35.3 +27 15 51 0.59 . 8.66 8.76 8.73 8.54 8.50 8.49 8.47 8.48 8.54 8.54 8.50 0.06 5 2
CGCG 160-067 - 12 58 37.1 +27 10 36 0.49 . 8.70 8.81 8.78 8.58 8.54 8.54 8.52 8.53 8.58 8.60 8.55 0.06 5 2
CGCG 160-212 - 12 58 56.1 +27 50 00 - < - - - - - - - - - - - - - 2
CGCG 160-213 - 12 59 02.0 +28 06 55 0.71 . - - 8.92 8.73 8.67 - - 8.67 8.73 8.74 8.71 0.07 3 2
CGCG 160-215 - 12 59 03.9 +28 07 24 - . - - - - - - - - - - - - - 2
CGCG 160-219 - 12 59 07.8 +27 51 16 - . - - - - - - - - - - - - - 2
CGCG 071-092 286 12 59 27.1 +14 10 15 - . - - - - - - - - - - - - - 2
CGCG 160-076 - 12 59 40.2 +28 37 51 0.49 . 8.66 8.73 8.64 8.39 8.35 8.49 8.44 8.39 8.39 8.37 8.42 0.09 5 2
CGCG 160-241 - 13 00 08.0 +27 58 35 - . - - - - - - - - - - - - - 2
CGCG 160-086 - 13 00 33.5 +27 38 14 0.73 . 8.56 8.66 8.69 8.60 8.53 8.35 8.38 8.44 8.60 8.58 8.46 0.20 5 2
CGCG 160-252 - 13 00 37.7 +28 03 28 1.17 < - - - 8.70 8.75 - - - 8.70 8.83 8.76 0.19 2 2
CGCG 043-093 - 13 00 39.3 +02 30 02 0.39 . 8.83 8.97 8.98 8.73 8.82 8.67 8.65 8.72 8.73 - 8.69 0.07 4 2
CGCG 160-088 - 13 00 39.6 +29 01 11 2.21 < - - - - 8.71 - - - - 8.78 8.78 0.10 1 2
CGCG 160-258 - 13 00 51.5 +28 02 33 - . - - - - - - - - - - - - - 2
CGCG 160-260 - 13 00 56.1 +27 47 27 1.28 < - - - - 8.64 - - - - 8.71 8.71 0.10 1 2
NGC 4904 287 13 00 58.6 -00 01 39 0.84 . - - - 8.62 8.59 - - - 8.62 8.65 8.63 0.04 2 1
CGCG 160-095 - 13 01 26.0 +27 53 08 - < - - - - - - - - - - - - - 2
CGCG 160-097 - 13 01 31.6 +27 50 49 - . - - - - - - - - - - - - - 2
CGCG 160-103 - 13 01 53.6 +27 37 26 - . - - - - - - - - - - - - - 2
CGCG 160-106 - 13 02 07.8 +27 38 54 1.27 . - - 8.92 8.74 8.70 - - 8.66 8.74 8.77 8.72 0.09 3 2
CGCG 160-108 - 13 02 12.7 +28 12 52 0.60 < - - - 8.71 8.64 - - - 8.71 8.71 8.71 0.09 2 2
CGCG 160-110 - 13 02 21.4 +28 13 49 - . - - - - - - - - - - - - - 2
NGC 4941 288 13 04 12.8 -05 33 06 - . - - - - - - - - - - - - - 1
CGCG 160-128 - 13 04 22.5 +28 48 38 0.17 . 8.57 8.61 8.58 8.40 8.37 8.36 8.33 8.34 8.40 8.39 8.36 0.06 5 2
CGCG 160-127 - 13 04 26.4 +27 18 16 0.51 . 8.60 8.65 8.63 8.41 8.39 8.41 8.37 8.38 8.41 8.41 8.40 0.04 5 2
CGCG 160-139 - 13 06 37.9 +28 50 59 0.25 . 8.69 8.70 8.69 8.29 8.29 8.52 8.42 8.44 8.29 8.31 8.40 0.17 5 2
NGC 4981 289 13 08 48.7 -06 46 39 1.54 . - - 8.87 - 8.71 - - 8.62 - 8.78 8.70 0.14 2 1
NGC 5014 290 13 11 31.2 +36 16 56 1.00 . 8.50 8.57 8.72 8.59 8.59 8.27 8.29 8.46 8.59 8.65 8.44 0.30 5 1
NGC 5103 291 13 20 30.1 +43 05 02 - . - - - - - - - - - - - - - 1
NGC 5145 292 13 25 13.9 +43 16 02 1.46 . - - - 8.93 8.70 - - - 8.93 8.77 8.85 0.25 2 1
NGC 5147 293 13 26 19.7 +02 06 03 0.26 . - - - 8.51 8.47 - - - 8.51 8.51 8.51 0.00 2 1
IC 902 294 13 36 01.2 +49 57 39 1.28 . - - 8.57 8.64 8.57 - - 8.33 8.64 8.63 8.53 0.31 3 1
NGC 5248 295 13 37 32.0 +08 53 07 0.51 . 9.01 9.19 9.05 8.86 8.69 8.81 8.82 8.79 8.86 8.76 8.81 0.06 5 6
NGC 5301 297 13 46 24.6 +46 06 25 1.25 . 8.97 - 8.43 8.54 8.53 - - - 8.54 8.58 8.56 0.06 2 1
NGC 5303 298 13 47 44.9 +38 18 16 0.54 . 8.67 8.77 8.78 8.57 8.56 8.50 8.48 8.53 8.57 8.61 8.53 0.09 5 1
NGC 5300 299 13 48 16.0 +03 57 03 0.96 . - - - 8.64 8.57 - - - 8.64 8.63 8.64 0.01 2 1
Continued on next page. . .
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Table 2 – Continued
Z Z(PP04 O3N2)
Galaxy HRS R.A.(h m s) Dec.(◦ ′ ′′) C(Hβ) [Oii] M91 Z94 KD02 O3N2 N2 M91 Z94 KD02 O3N2 N2 ¯Z E( ¯Z) Methods Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
UGC 8756 300 13 50 35.8 +42 32 29 - . - - - - - - - - - - - - - 1
NGC 5334 301 13 52 54.4 -01 06 52 0.87 . - - - 8.58 8.60 - - - 8.58 8.66 8.62 0.12 2 1
NGC 5348 302 13 54 11.3 +05 13 39 1.12 . - - 8.45 8.46 8.40 - - - 8.46 8.43 8.45 0.04 2 1
NGC 5372 303 13 54 45.9 +58 40 00 0.63 . 8.78 8.91 8.88 8.68 8.66 8.62 8.61 8.63 8.68 8.72 8.65 0.08 5 1
NGC 5356 304 13 54 58.4 +05 20 01 - . - - - - - - - - - - - - - 1
NGC 5360 305 13 55 38.7 +04 59 06 1.07 . - - - 8.74 8.57 - - - 8.74 8.63 8.68 0.16 2 1
UGC 8857 308 13 56 26.6 +04 23 48 1.87 . - - - 8.44 8.44 - - - 8.44 8.47 8.45 0.05 2 1
NGC 5486 309 14 07 24.9 +55 06 11 0.08 . 8.55 8.60 8.54 8.39 8.35 8.34 8.32 8.31 8.39 8.37 8.34 0.07 5 1
NGC 5560 310 14 20 04.4 +03 59 33 1.09 . - - 8.74 8.71 8.66 - - 8.49 8.71 8.72 8.64 0.24 3 1
NGC 5577 313 14 21 13.2 +03 26 10 1.10 . - - - 8.60 8.50 - - - 8.60 8.54 8.57 0.08 2 1
UGC 9215 314 14 23 27.1 +01 43 34 0.38 . 8.46 8.47 8.59 8.41 8.42 - 8.19 8.34 8.41 8.45 8.34 0.18 4 1
UGC 9242 315 14 25 21.0 +39 32 22 0.14 . 8.65 8.66 8.56 8.27 8.25 8.48 8.38 8.32 8.27 8.26 8.34 0.16 5 1
IC 1022 317 14 30 01.8 +03 46 22 0.71 . - - - 8.55 8.51 - - - 8.55 8.56 8.56 0.01 2 1
NGC 5645 318 14 30 39.3 +07 16 30 0.50 . 8.37 8.40 8.49 8.44 8.40 - 8.12 8.26 8.44 8.43 8.30 0.25 4 1
NGC 5669 319 14 32 44.0 +09 53 31 0.71 . 8.50 8.56 8.64 8.49 8.48 8.27 8.28 8.39 8.49 8.53 8.39 0.20 5 1
NGC 5668 320 14 33 24.3 +04 27 01 0.40 . 8.83 8.95 8.84 8.53 8.48 8.67 8.64 8.59 8.53 8.53 8.59 0.11 5 1
NGC 5692 321 14 38 18.1 +03 24 37 0.47 . 8.76 8.87 8.82 8.58 8.54 8.60 8.57 8.57 8.58 8.60 8.58 0.02 5 1
IC 1048 323 14 42 58.0 +04 53 22 1.85 . - - - 8.65 8.59 - - - 8.65 8.65 8.65 0.01 2 1
25
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Table 3. Physical properties of the HRS late-type galaxies. Column 1: HRS designation.; Column 2: Logarithm of stellar mass, in M⊙ units.;
Column 3: Logarithm of Hi mass in M⊙ units.; Column 4: Reference for HI data (see footnote).; Column 5: Hi deficiency.; Column 6: Oxygen
abundance derived in this work in units of 12+log(O/H).; Column 7: SFR based on GALEX NUV data.; Column 8: Galaxy environment: V - Virgo
cluster member, F - field/non-Virgo system.
HRS M∗ MHI Ref. (HI) DEF(HI) Z SFR(NUV) Env.
M⊙ M⊙ 12+log(O/H) M⊙ yr−1
(1) (2) (3) (4) (5) (6) (7) (8)
1 9.13 - - - 8.64±0.11 - F
2 9.25 8.45 1 0.04 8.55±0.19 0.39 F
10 9.48 8.76 2 0.12 8.49±0.09 - F
11 9.86 8.79 3 0.24 8.57±0.09 0.85 F
12 8.96 8.69 4 -0.4 8.38±0.10 0.14 F
13 10.81 9.32 3 0.25 8.69±0.05 - F
16 10.23 9.12 5 0.03 8.68±0.01 1.08 F
17 10.15 9.42 3 -0.09 8.55±0.06 1.62 F
19 9.97 9.32 3 -0.18 8.67±0.06 1.34 F
20 10.11 9.46 3 -0.32 8.48±0.04 3.51 F
21 9.05 8.19 3 0.81 8.55±0.01 0.03 F
24 10.55 10.04 3 -0.37 8.66±0.22 2.65 F
25 10.33 9.24 3 -0.08 8.67±0.03 2.01 F
26 9.26 8.66 1 0.34 8.37±0.19 0.14 F
27 9.61 8.62 3 0.03 8.66±0.03 1.15 F
28 9.68 8.84 3 0.07 8.68±0.10 0.66 F
29 9.41 8.54 3 0.37 8.60±0.09 0.15 F
30 9.54 9.12 3 0.12 8.53±0.27 0.79 F
31 10.39 9.77 6 -0.12 8.34±0.04 1.87 F
33 10.26 9.33 7 -0.02 8.61±0.33 1.44 F
37 10.03 8.86 3 0.02 8.72±0.22 0.93 F
38 9.57 9.02 3 0.01 8.33±0.18 - F
39 9.45 9.17 10 0.12 8.57±0.01 0.22 F
40 9.83 9.13 3 0.18 8.53±0.02 1.18 F
42 10.45 9.36 3 0.1 8.75±0.10 - F
44 9.18 8.42 11 0.28 8.42±0.09 0.51 F
47 9.79 9.48 3 -0.32 8.41±0.18 1.53 F
48 10.59 9.51 12 0.09 8.64±0.17 3.81 F
50 10.45 9.23 3 -0.32 8.69±0.13 2.75 F
51 9.68 9.31 3 -0.29 8.53±0.07 - F
53 9.95 9.42 3 0.0 8.58±0.32 0.86 F
55 10.08 9.27 13 0.08 8.65±0.11 1.16 F
56 10.62 9.06 3 0.09 8.67±0.10 1.53 F
57 10.47 8.91 13 0.5 8.72±0.10 1.49 F
58 9.41 8.28 14 0.63 8.44±0.23 0.33 F
59 10.28 9.28 3 0.35 8.69±0.18 0.88 F
61 9.09 9.01 3 -0.08 8.32±0.06 0.22 F
62 9.88 9.65 3 -0.17 8.35±0.15 1.64 F
64 9.49 8.76 3 0.24 8.41±0.27 - F
65 9.56 9.27 3 -0.18 8.36±0.06 0.65 F
66 10.39 9.40 3 -0.05 8.44±0.29 1.82 F
67 9.40 8.96 15 0.06 8.32±0.10 0.45 F
68 9.36 8.01 3 0.27 8.27±0.08 0.07 F
70 9.46 8.92 16 0.16 8.50±0.17 0.85 F
72 9.50 9.23 17 -0.27 8.26±0.02 0.87 F
73 10.86 9.40 3 0.36 8.86±0.22 - F
74 10.21 9.12 18 0.1 8.66±0.08 - F
76 9.15 8.63 19 0.24 8.33±0.07 - F
77 11.08 9.82 3 -0.14 8.69±0.10 7.58 F
78 9.65 9.23 20 -0.3 8.58±0.20 0.64 F
79 9.31 9.06 8 0.35 8.54±0.33 0.55 F
80 9.80 8.48 8 0.82 8.47±0.31 0.35 F
83 9.04 8.09 21 0.68 8.34±0.15 0.15 F
84 9.77 8.56 3 0.34 8.80±0.10 0.33 V
85 10.63 9.38 3 0.26 8.71±0.13 1.54 F
86 9.92 9.54 22 -0.21 8.53±0.10 1.44 V
88 10.07 9.58 23 0.05 8.81±0.15 1.70 V
89 10.19 9.68 3 -0.15 8.45±0.02 1.76 V
91 11.08 9.63 8 0.25 8.76±0.10 2.24 V
92 9.53 8.87 3 0.26 8.65±0.02 - V
94 10.01 9.42 3 0.24 8.57±0.03 0.50 V
95 10.07 8.59 9 0.33 8.64±0.09 0.35 V
96 10.61 8.99 3 0.39 8.71±0.10 - V
98 9.87 9.15 3 0.13 8.42±0.33 0.29 V
99 9.23 7.82 8 0.94 8.64±0.14 0.16 V
102 11.00 9.79 3 -0.01 8.73±0.12 12.4 V
108 9.58 8.24 24 0.82 8.66±0.10 0.05 V
Continued on next page. . .
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Table 3 – Continued
HRS M∗ MHI Ref. (HI) DEF(HI) Z SFR(NUV) Env.
M⊙ M⊙ 12+log(O/H) M⊙ yr−1
(1) (2) (3) (4) (5) (6) (7) (8)
110 9.90 9.51 3 -0.16 8.50±0.15 1.28 V
114 11.07 9.85 20 -0.04 8.73±0.09 11.3 V
118 9.36 9.10 3 -0.2 8.26±0.06 0.47 V
122 11.20 9.60 3 0.38 8.75±0.10 8.46 V
128 9.79 8.49 3 0.6 8.39±0.01 0.30 V
130 9.70 8.46 3 0.79 8.62±0.06 0.44 V
132 9.60 9.03 25 0.08 8.56±0.11 0.70 V
133 9.83 9.23 26 0.19 8.46±0.04 0.34 F
139 9.64 8.78 27 0.28 8.58±0.12 0.61 V
142 9.97 9.48 20 -0.28 8.57±0.03 1.76 V
143 10.22 9.52 3 -0.04 8.40±0.13 1.13 V
145 9.83 8.98 3 0.25 8.43±0.22 0.79 V
146 9.91 8.80 3 0.37 8.55±0.01 0.32 V
148 9.64 9.11 3 0.14 8.41±0.16 0.69 V
149 10.46 8.87 3 0.68 8.68±0.10 0.61 V
151 9.93 8.88 3 0.38 8.68±0.10 0.46 V
152 9.88 8.33 25 0.82 8.71±0.21 0.73 V
153 9.78 8.56 3 0.43 8.59±0.22 0.48 V
154 9.90 9.34 9 0.11 8.49±0.30 1.13 V
157 9.92 8.89 3 0.28 8.59±0.03 1.00 V
158 9.55 9.26 28 0.12 8.30±0.04 0.44 V
160 10.31 9.11 3 0.46 8.58±0.32 1.11 V
165 9.37 8.42 25 0.66 8.40±0.29 0.18 V
168 9.37 9.23 3 0.03 8.29±0.00 0.46 V
169 9.61 8.48 29 0.31 8.34±0.17 0.59 F
171 10.12 8.57 3 0.75 8.66±0.19 0.81 V
177 9.73 8.70 3 0.31 8.52±0.12 0.69 V
182 9.86 8.90 20 0.04 8.74±0.20 0.56 V
187 9.85 9.56 20 -0.1 8.61±0.04 1.92 V
188 9.95 9.12 3 0.04 8.65±0.16 0.74 V
189 9.47 8.34 8 0.49 8.59±0.14 0.37 V
190 11.38 9.32 3 0.56 8.77±0.10 5.44 V
191 9.10 8.20 30 0.55 8.48±0.01 0.15 V
193 9.44 8.54 3 0.55 8.60±0.12 0.69 V
194 10.84 9.96 3 -0.0 8.53±2.84 1.88 V
196 9.95 9.42 9 -0.14 8.37±0.25 1.39 V
197 9.87 8.69 3 0.67 8.51±0.48 0.63 V
198 9.71 8.82 3 0.36 8.54±0.02 0.37 F
199 9.56 7.96 3 0.96 8.60±0.23 0.23 V
201 11.06 9.84 28 -0.1 8.81±0.10 2.06 V
203 9.96 9.61 3 -0.52 8.32±0.05 2.55 V
204 11.03 9.59 9 0.42 8.77±0.10 4.78 V
205 10.80 9.71 2 0.15 8.70±0.21 4.96 V
206 9.64 7.94 25 0.99 8.77±0.39 0.26 V
207 10.11 8.45 8 0.65 8.66±0.10 0.67 V
212 9.63 9.40 3 -0.53 8.37±0.12 1.05 F
215 10.36 8.68 13 0.69 8.65±0.10 1.61 V
216 10.82 8.99 13 0.68 8.77±0.22 2.44 V
223 9.02 8.40 3 0.5 8.26±0.17 0.11 V
225 9.20 7.81 8 1.3 8.58±0.32 0.19 V
227 9.64 9.95 3 -0.44 8.33±0.19 1.07 F
230 9.74 8.69 3 0.54 8.61±0.00 0.60 V
233 10.02 8.3 9 1.25 8.71±0.10 0.22 V
237 9.86 8.76 3 0.26 8.66±0.16 0.73 V
238 9.02 9.28 31 -0.61 8.30±0.14 - F
239 10.09 8.66 3 0.5 8.73±0.11 0.92 V
244 10.40 8.67 9 0.46 8.61±0.10 1.73 V
246 10.59 9.63 3 -0.2 8.75±0.07 2.35 V
247 10.72 9.55 3 -0.06 8.65±0.07 4.40 V
252 9.70 9.18 3 -0.28 8.40±0.04 0.75 F
254 10.66 8.84 3 0.9 8.66±0.10 - V
259 9.85 9.58 14 -0.28 8.38±0.31 - V
261 9.64 8.73 25 0.52 8.60±0.10 0.11 F
262 10.01 9.58 3 -0.36 8.43±0.10 2.12 V
264 9.39 8.4 3 0.48 8.45±0.10 0.07 F
265 9.521 - - - 8.36±0.04 0.70 F
266 10.12 10.15 3 -0.35 8.48±0.08 3.39 F
267 9.99 9.22 32 0.12 8.48±0.04 0.53 F
268 10.00 9.09 3 0.15 8.55±0.25 1.14 V
271 9.76 9.13 3 0.05 8.45±0.13 0.26 V
273 10.14 8.92 3 0.42 8.69±0.10 0.49 V
275 10.16 9.64 3 -0.49 8.52±0.02 3.81 F
Continued on next page. . .
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Table 3 – Continued
HRS M∗ MHI Ref. (HI) DEF(HI) Z SFR(NUV) Env.
M⊙ M⊙ 12+log(O/H) M⊙ yr−1
(1) (2) (3) (4) (5) (6) (7) (8)
280 9.91 8.62 33 0.44 8.75±0.10 0.23 V
281 9.02 9.03 21 -0.57 8.51±0.26 0.12 F
283 10.16 9.72 3 -0.63 8.56±0.28 2.08 V
284 10.17 8.92 34 0.0 8.71±0.09 0.45 F
287 10.06 8.99 3 0.05 8.63±0.04 1.07 V
289 10.62 9.68 3 -0.16 8.70±0.14 3.96 F
290 9.75 8.58 3 0.37 8.44±0.30 0.31 F
292 10.02 9.02 35 0.17 8.85±0.25 0.68 F
293 9.78 8.96 3 -0.1 8.51±0.00 1.18 F
294 9.80 8.89 3 0.5 8.53±0.31 - F
295 10.65 9.73 3 -0.64 8.81±0.06 5.09 F
297 10.46 9.56 3 0.13 8.56±0.06 1.47 F
298 9.75 8.98 34 -0.41 8.53±0.09 1.09 F
299 10.32 9.20 3 0.23 8.64±0.01 0.84 F
301 10.31 9.48 3 0.12 8.62±0.12 1.39 F
302 9.59 9.19 36 0.39 8.45±0.04 0.27 F
303 9.71 - - - 8.65±0.08 1.02 F
305 9.28 7.74 34 1.24 8.68±0.16 0.08 F
308 8.77 - - - 8.45±0.05 0.02 F
309 9.28 9.08 2 -0.1 8.34±0.07 - F
310 10.16 8.89 37 0.83 8.64±0.24 0.74 F
313 9.98 9.05 13 0.52 8.57±0.08 0.58 F
314 9.66 9.27 3 -0.18 8.34±0.18 0.96 F
315 9.24 9.30 35 0.31 8.34±0.16 0.66 F
317 9.25 8.82 3 0.23 8.56±0.01 0.24 F
318 10.02 9.25 3 -0.12 8.30±0.25 1.21 F
319 10.03 9.86 3 -0.42 8.39±0.20 1.92 F
320 10.28 9.80 3 -0.38 8.59±0.11 3.27 F
321 9.69 8.66 38 0.24 8.58±0.02 0.90 F
323 10.20 9.22 38 0.2 8.65±0.01 0.51 F
References: (1) Bicay & Giovanelli (1986b) (2) Peterson (1979) (3) Springob et al. (2005) (4) Rosenberg & Schneider (2000) (5) Hewitt et al. (1983) (6) Davis & Seaquist (1983) (7)
Stierwalt et al. (2009) (8) Giovanelli et al. (2007) (9) Kent et al. (2008) (10) Bicay & Giovanelli (1986a) (11) Bicay & Giovanelli (1987) (12) Staveley-Smith & Davies (1988) (13)
Helou et al. (1982) (14) O’Neil (2004) (15) Schneider et al. (1992) (16) Courtois et al. (2009) (17) Richter & Huchtmeier (1987) (18) Huchtmeier & Seiradakis (1985) (19) Huchtmeier et al.
(2005) (20) Helou et al. (1984) (21) Lu et al. (1993) (22) Bottinelli et al. (1982) (23) Smoker et al. (2000) (24) Hoffman et al. (1995) (25) Hoffman et al. (1989a) (26) Fisher & Tully (1981)
(27) Schneider et al. (1990) (28) Hoffman et al. (1989b) (29) Bottinelli et al. (1990) (30) Hoffman et al. (1987) (31) Koribalski et al. (2004) (32) Haynes (1979) (33) Gavazzi et al. (2006)
(34) Theureau et al. (1998) (35) de Vaucouleurs et al. (1991) (36) Haynes (1981) (37) Lewis et al. (1985) (38) Huchtmeier & Richter (1989)
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